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PREFACE

THIS book is an attempt to outline as briefly and

succinctly as possible the historical development

of chemistry, and is designed more especially for those

students whose interest in this aspect of the science is

stimulated by the inclusion of " Historical Chemistry
"

in the syllabus of examinations which concern them. It

is therefore presumed that the reader is simultaneously

acquiring, or already possesses, a fair knowledge of

present-day chemical theory and practice, and, accord-

ingly, no space is devoted to the actual explanation of

hypotheses or reactions except in so far as the latter are

directly bound up with the historical sequence of facts.

Whenever practicable, each section is arranged so that

it follows approximately those lines upon which a student

would learn the simple chemical facts in question ; thus,

the introductory chapters dealing with the older chemistry

(down to Lavoisier) are succeeded by the history of

elements and inorganic compounds, treated, as far as

possible, according to the Periodic Law, whilst the details

of other branches, such as organic and physical chemistry,

follow in general the order given in the standard text-

books. Many facts, important in themselves but not so

germane to the general development of ideas, have been

collected in tabular form for convenient reference, and the
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book is concluded by a summary of the work of some

;

notable chemists and a chronological survey of the ex-

perimental and theoretical advances in chemistry during i

the last two centuries. In order to secure a more com- i

pact volume, no detailed references have been given to

'

the literature in which the discoveries, theories, etc., were!

published, but the dates given in all cases will assist the i

student to obtain the original account of any particular!

point desired.

I wish to acknowledge the kind help I have received

;

from Dr. A. E. Dunstan, who read the book in manu-;

script; from Dr. S. Smiles, Dr. A. W. Stewart, and Mr.|

H. J. Page, who aided in the correction of proofs ; and;

from Prof. J. N. Collie, F.R.S., who advised me with!

respect to the arrangement of certain parts of the work.
i

T. P. HILDITCH
University College

!

University of London
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CHAPTER I

THE EVOLUTION OF THE SCIENCE

§ I. The Chief Chemical Epochs—History of any kind

may be recorded in either of two ways :

—

(i) Chronologically, as a whole;

(2) By taking one section of the subject at a time and

treating each separate division chronologically.

The first alternative is usually employed in the case of, for

example, a country or province, while the second would be neces-

sary in dealing with a continent composed of a variety of races,

each with its own life-story. We shall find it advisable to adopt

this latter plan with regard to chemistry, for the science nowadays

possesses so many branches and ramifications that it is very

much easier to understand the evolution of the whole from a

consideration of the development of the various individual parts.

There are, nevertheless, certain well-marked epochs which should

be noticed in the general progress of the science.

It is certain that no civilized race has yet existed in the

world without giving some thought to the properties and

mutual relations of the various sorts of terrestrial matter. Of
course, no one can tell precisely where, when, and how chemistry

really came into existence, and it would not suit our present

purpose to discuss the matter at any length. Let it suffice to

say that remote Chinese and Hindu philosophers appear to

have paid attention to this branch of science, while our records

I
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I

go back with certainty to the times of the ancient Egyptians

and Greeks.^ These devoted themselves to speculations about
i

the ultimate composition of natural substances, and at the same ;

time—notably in Egypt—the idea of the transmutation ofj

metals began to develop. The predominance of this notion i

at about the commencement of the fourth century a.d. marks the :

close of the first or Ancient Period—the period of philosophic
\

speculation—and the opening of the second, the Alchemical
\

Epoch. This lasted for more than a thousand years, and it is
\

said that even in the last century there yet existed individuals \

holding alchemical tenets
;
practically speaking, however, the :

ideals of chemists underwent a profound change towards the
|

close of the seventeenth century. Alchemists were dominated
\

by two pre-conceived and extraordinary ideas : firstly, that it '

was possible to ^hange common metals into gold by a chemical

process ; secondly, that the change was to be accomplished by \

the agency of a substance, known variously as The Essence, \

The Philosopher's Stone, The Elixir of Life, etc., which pos-

sessed entirely supernatural powers.
\

The development of the physical sciences, on the other i

hand, had been uncommonly rapid during the seventeenth I

century, and this was largely due to the adoption of indue-
\

tive methods. It is thus easy to see how chemists, tired of
\

fruitless search on a vain quest, and sickened by the duplicity
'

which was too frequently practised, turned to new methods,
j

Robert Boyle in particular changed the trend of chemical

reasoning, and thereby rendered his greatest service to science.

In the next period—the Phlogistic Period^ dating from about

1700 to 1775—the properties of the most various bodies were

examined with a view to classification. The property which

attracted most attention was that of combustion—so much so I

that this era fittingly takes its name from the famous but incor- ;

rect theory designed to explain the phenomenon of burning.
\

^ Berthelot's " Les Origines d'Alchemie " is a standard work for those '•

wishing to study in detail the earliest era of the science. (

.J
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In 1777 Lavoisier published his theory of combustion, worked

out by the help of the balance, and made possible by Scheele's

and Priestley's discoveries of oxygen ; this inaugurated the era

of modern chemistry, which may again be subdivided into three

periods :

—

(i) The Fundame?ital Period, comprising the labours of

Davy, Dalton, Gay-Lussac, Berzelius, Dulong, Faraday, etc.

(2) The Period of Static Structural Chemistry, commencing

with Wohler's synthesis of urea in 1828, and comprising the

foundations of systematic organic and physical chemistry.

(3) The Period of Dynamic Structural Chemistry, i.e. the

development of the most recent views concerning the ultimate

composition of matter, the structure of chemical (and par-

ticularly " organic ") compounds, the nature of electrolysis,

etc. This period may be said to have commenced about

1880.

We may, then, summarize the six periods of chemical history

in the table on page 4, giving at the same time instances of

familiar historical events which may serve in some measure

to correlate the various dates.

§ 2. The Origin of the Science and its Name—There
are various indications that some knowledge of the practical

applications of chemistry existed long before the era of Western

civilization. The Chinese, for instance, possessed means of

manufacturing articles which in some cases cannot be made with

the same degree of elegance at the present day ; this implies a

considerable acquaintance with some sort of technical chemistry.

At a less indefinite date, which is still too remote to be fixed

with any certainty, we find the Phoenicians and Egyptians well

acquainted with the manufacture of glass and pottery ; some of

the simpler metallurgical processes were already practised, in-

cluding the mechanical separation of gold, the smelting of iron,

the preparation of mercury from cinnabar, and the separation of

lead and silver. The arts of dyeing and embalming were also

largely engaged in by the Egyptians. The .Jews, too, in the
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reign of Solomon (and probably for some time prior to that

period) rec agnized at least six distinct metals : gold, silver, iron,

copper, tin, and lead.

Metallurgy at this early date was carried on chiefly in the

northern part of Egypt ; deposits of ores were fairly abundant

in that region, and, in addition, the seaport of Alexandria

afforded means for the import of ores from the various lands

washed by the Mediterranean. Not infrequently metallic de-

posits, consisting of a mixture of metals or ores, would be

found ; sometimes much lead accompanied by a little silver,

sometimes silver and gold together, sometimes other metallic

mixtures. Moreover, methods were soon devised for preparing

the "noble" from the "base" materials in such instances;

what is more natural, then, than that the idea of the baser

being transformed into the rarer metals should gradually come

into the minds of these early metal-workers? Here is the

origin of the transmutation theory ;
gold and silver were re-

garded, then as ever, as most precious and valuable ; mixtures

of these with common substances were found—perhaps Nature

was slowly transforming the base into the rare ? This sugges-

tion developed into a most persistent and dominating belief in

the alchemical period ; and even now, centuries after the

theory has been dropped, we retain in common use phrases

which betray an innate leaning towards alchemical ideas, such

as " base " and " noble " metals, " perfect " gases, etc.

The famous transmutation theory, then, probably arose from

a very superficial kind of reasoning, and this may be due to the

circumstance that the early metallurgists do not appear as a

rule to have been in touch with the ** philosophers " or learned

theorists. The latter class of men, naturally most prominent

in ancient Greece, had little in common with the former.

It is convenient to summarize at this point the chemica

knowledge of the ancients :

—

(i) Practical.—In China and India (?), in Phoenicia and

Egypt : metallurgy, dyeing, glass, earthenware.
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(2) T/teoreiical.—In Greece (500-200 i;.c.) and Rome (100

B.c.-A.D. 150); vague, general observations on nature.

(3) Experimental (according to the modern meaning of the

word).—Practically none.

With regard to the origin of the word " chemistry," there is

a choice of about six very plausible " derivations," such as from

the North Egyptian word " chemi " = Egypt ; from -^riinia =

Egyptian art; from x »7
yw, «'«• = black, etc. As these cannot

all be correct, let us be content merely to say that the first use

of the word " chemia " appears in an astrological treatise com-

piled by Julius Firmicus, a writer of the fourth century of the

Christian era.

§ 3. Alchemy : the Ennobling of Metals—When we turn

to review the next period of chemical history, it at first appears as

if the Greeks had all the clear-sighted theories and the alche-

mists none, for the superabundance of views and metaphor are

bewildering. There is a break of some 200 years between the

latest philosophical writings and the earliest authentic alche-

mical works, and during this time a great change in view-point

took place, culminating in the predominant belief in " trans-

mutation," which appears as a well-known doctrine in all the

latter treatises, although it is scarcely mentioned in the former.

This is natural in view of the probable origin of the theory

(p. 5) and of the fact that the old philosophy finally died out

after Hypatia's murder, and was replaced by a system based on

the Christian religion. The unscrupulous blending of Christian

hypotheses and natural science led to as dismal consequences

to both as the intolerance of Christian authorities to science

has done in many an instance. Assuming that they possessed

by revelation a divine " scheme " of the moral universe, the

new race of thinkers extended it to the material world, and

deduced that simplicity was the key-note and perfection the

end of matter as well as of mind. Gold and silver were as-

sumed the most perfect metals, " the end of Nature in regard

to metals," and the original aim of alchemy was to "assist
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Nature " by the application of certain agents or medicines,

which, acting on the " baser " metals, should purge away the

impurities and leave worthier members of the metallic state.

Much later the idea arose that such agents—especially the

greatest of all, the Philosopher's Stone, Alkahest, Elixir, etc.

—

ought to be of service to men's as well as metals' ills; and

iatro-chemistry, in which chemistry is looked upon as the

servant of medicine, was developed. This branch of alchemy,

and the alchemical theories of the ultimate constitution of

matter, are discussed later (pp. 9, 28).

Because of the universal desire for gold and silver, and the

ease of making alloys or amalgams bearing strong superficial

resemblance thereto, the aim which alchemists set before them,

albeit at first purely philosophical, naturally lent itself to decep-

tion, and alchemy quickly became degraded into a mere gold-

imitating art. Various popes and princes therefore proscribed

its practice in their realms, but usually found it too valuable

a means of filling empty purses to be very severe on its adepts.

Consequently nearly every European court had its private

alchemist, who in general was merely a swindler, not a scientist,

with whom matters went hard in case of detection, but who

usually found it sufficiently easy to secure against such a con-

tingency and to make a comfortable living. For a long while,

indeed, true chemists were few and far between, till better ideals

once more arose, thanks in the main to the outspoken utter-

ances of Boyle, Kunkel, and others. With the charlatans we

are not concerned, but proceed to summarize as far as we can

the general trend of theory—a difficult task, since, to a greater

extent than at any other period, each followed his own in-

dependent path.

Nearly all alchemical writers refer to one Hermes Trismegis-

tus as the father or originator of alchemy. This somewhat

mythical person was supposed to have developed very largely the

practical side of alchemy in Egypt at an indefinitely remote

period ; his existence (except in the minds of these writers) is a
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matter of doubt, but his name has certainly survived, even in the

chemical parlance of the present day. It is amusing to note

how, later on, devotees of the *' hermetic art " in their anxiety

to invest their science with a touch of religious sanctity asserted

that the first of their cult were Biblical characters, such as Adam,
Tubal-Cain ("an instructor of every artificer in brass and iron "),

Moses and Miriam, or Job (" Thou shalt lay up gold as dust ")

!

In reality the science of alchemy was chiefly fostered in the

museum of Alexandria ^ in the first centuries of our era, under

both heathen and Christian teachers, as Zosimos of Panopolis

{circa a.d. 420-450) and Bishop Synesius [circa a.d. 400) until

the decay of the Western Roman Empire and the advent of the

Arabs, i.e. until about a.d. 640. The Arabs took up science

with wonderful zeal, for within a century universities, which

soon became famed for mathematics, medicine, astronomy, and

alchemy, began to spring up in Bagdad, Cordova, Seville, Toledo,

and elsewhere, and to these in the course of the next four cen-

turies came many Western European students. Geber is the

first alchemist of note whose existence is authentic, and of his

actual hfe we know very little, except that he was an Arab

physician, whose reputation lasted down through the Middle

Ages. No other Mohammedan alchemist attained such fame as

he, and he wrote several works on chemistry, which still exist in

the form of Latin translations. When Arab learning declined

(about 1200) alchemy was propagated in England, France, and

Germany by the students mentioned above, and indeed was

fully developed in Western Europe by the year 1400. It was

1 The "Alexandrian Academy" was founded as a school and library

by Ptolemy Soter, destroyed by fire in 47 b.c. and a.d. 216, and taken by

the Arabs in 642. It is interesting because (i) it must have acted as a

point of contact for Greek theorists and Egyptian metal-workers, (2) it was
the final seat of the old heathen philosophy, and although the Christian

authorities murdered the latest of the philosophers, Hypatia, in their jeal-

ous endeavours to stamp it out, enough of their writings must have been

left to enable the Arabs, some two hundred years later, to assimilate and
propagate science as known to Hypatia, and her disciples.
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carried on notably in "apothecaries' shops," which, designed

for the purpose of preparing the simple medicines then used,

served also to train numbers of keen alchemists.

The fact that chemistry in the Middle Ages was dominated

by mediaeval religion will account for many of the biassed,

prejudiced ideas which held sway, and the influence of the

desire to make gold and the belief in the possibility of trans-

mutation all helped to enshroud the real end of the science in a

mist of preconceived notions and a tangle of hopeless beliefs.

Yet it must not be supposed that this period of chemistry was

unfruitful. Indeed it has been very well said that the hunt for

the Philosopher's Stone and unlimited gold resembled very much
the search of the sons of the man who said on his deathbed

that there was a fortune buried in his vineyard—and we, the des-

cendants of the alchemists, are still reaping the benefit from the

fertile discoveries these made in the course of so much mis-

directed ploughing.

§ 4. Alchemy : Medicinal—While the philosopher's mind

was fixed on one theme—gold manufacture—his experiments

were naturally concerned only with metallic derivatives, so that

few of the new facts discovered related to any but this class

of compounds. AVhen the Renaissance of learning and the

Reformation led to a wider intellectual outlook the scope of

chemists' views also appeared to broaden, and a larger field of

use for chemistry was opened up. Originally the doctrine of

the ennobling of metals had been deduced by analogy (however

fanciful) with human moral development, and now, conversely,

the beliefs (for theories were to alchemists "articles of faith")

which had arisen as to the composition of metals were applied

to the healing of physical disease. Basil Valentine and a few

other workers of the first alchemical period here and there

applied isolated metallic preparations as medicinal remedies, but

Paracelsus (sixteenth century) was the first to emphasize the

close inter-dependence and alliance of chemistry and medicine.

He assumed that the three " principles," sulphur, salt, and



10 A SHORT HISTORY OF CHEMISTRY

mercury, which were held to constitute the different metals,

also composed the human body, and that illness was the result

of deficiency or excess of one or more of these in the organism

—an assumption which was characteristically accepted as a

creed by Sylvius, van Helmont, Tachenius and other alchemists

of the next few generations. The " medicine of the third

order," the Philosopher's Stone, which should bring perfection

to weak and erring metals, was naturally supposed to perform

the same function for mortals, endowing them with an indefinite

span of life and resistance to all physical decay. This fusion

of medicine and chemistry was of advantage to both, but par-

ticularly to the latter, which then attracted men of wider

culture than previously ; it led to the discovery, too, of further

new facts and compounds, especially in the domain of what is

now " organic " chemistry, and unintentionally paved the way

for the emancipation of chemistry from a gold-making art to a

truth-seeking science.

At the present day there exist in nearly all civilized coun-

tries societies for the extension of chemical science and numer-

ous periodicals devoted to the same purpose ; but in alchemical

times there was nothing of this kind, and the isolated character

of each individual's work is very conspicuous. (Cf. Appendix,

pp. 209, 210.)

In the earlier history of alchemy this independence was due

to the^ selfish, competitive motives aroused by the quest for

gold and the Philosopher's Stone. Later on the change to

iatro-chemical ideals, which postulated health for all rather than

wealth for one, and the repeated failures to obtain the " elixir,"

which aroused a feeling that united work might solve problems

which baffled isolated workers, caused the formation of various

alchemical unions. These were chiefly " secret societies,'' and

they thrived from about the beginning of the seventeenth to the

middle of the eighteenth century, but were in no way compar-

able to or connected with the real scientific societies then

existing, such as the Royal Society of London (founded 1663).



THE EVOLUTION OF THE SCIENCE ti

Alchemy consisted,' then, in the later stages of its existence,

of two branches, the one concerned merely with gold manufac-

ture, the other with the application of chemistry to healing.

The latter side of the subject cannot be said to have been

abandoned, but rather to have been extended by the rapid

adoption of the inductive method of research, its development

in one direction (the phenomena of combustion) leading to the

doctrine of phlogiston, which characterized the next period of

chemical history. The efforts to make gold from baser metals

were so unsuccessful, and yet afforded such scope for duplicity

and charlatanism, that a great deal of scepticism arose in course

of time as to the possibility of metal-transmutation at all, and

gradually the idea died out. It might be pointed out that,

until definite proof was given for regarding the metals as ele-

ments (i.e. in Lavoisier's time), it was not chemically wrong to

believe in the possibility of changing one into another.

§ 5. The Beginnings of Modern Inductive and Ex-

perimental Method—One of the first to apply the " induc-

tive" method to chemistry was Roger Bacon (thirteenth

century) ; then, towards the end of the seventeenth century,

the necessity of putting aside the subsidiary aims which chem-

istry might serve seems to have been more widely felt, and the

efforts of chemists were directed along new lines, notably by

the work of Boyle and Kunkel. The latter, himself an enthu-

siastic alchemist, was concerned more particularly with the

careless phraseology and frequent duplicity of his contempo-

raries, and denounced both with considerable vigour. Boyle's

writings, however, show that he had little faith in alchemy, but

possessed views on the nature of chemical combination and of

chemical elements which have stood their ground ; moreover

—and this is very noteworthy—he stated that experimental

methods and careful observation were the only sure paths to

development. The general adoption of these views, although

hampered for a time by neglect of quantitative investigation,

has undoubtedly been the cause of the rapid progress of the

science to its present position.
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Let us contrast, then, the three different methods of investi-

gation which we have now discussed.

The ancients based their theories on careful observation of

natural phenomena, but made no experiments to shed further

light on their assumptions.

The alchemists based their theory on one fundamental

assumption (the simplicity and unity of nature), and made

many experiments to show that the theory was certainly true.

The modern inductive method, which chemists owe especi-

ally to Boyle, is to base a theory on a consideration of the

known facts, thence to design new experiments to throw fresh

light on the subject, and, from the new facts so discovered, to

modify or confirm the original theory, and then repeat the

process indefinitely.

The whole difference of the systems lies in the different

relations which the various ages assigned to the bearing of ex-

periment and observation on theory.

§ 6. Chemistry in the Phlogistic Period—It has been

necessary to give a detailed account of the chemistry of the

alchemists and ancients, because their view-points differed

fundamentally from those of all later investigators. Chemistry,

indeed, as understood at present, originated when alchemy de-

cayed and the attainment of chemical truth was made the goal

of the science. The phlogistic chemists form a kind of link

between old and modern workers, for they aimed at the ex-

tension of chemical knowledge, while their theories and methods

were often not far in advance of those of their predecessors,

the alchemists. We will therefore conclude this sketch of

chemical evolution by a resume of the work done by the

phlogistonists, and then pass on to the history of the various

branches of chemistry.

In the phlogistic period we notice first of all that qualitative

investigation was the almost invariable rule—the use of the

balance being quite exceptional. The chief subject of experi-

ment was the phenomenon of combustion, usually explained
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at that time on the "phlogiston" hypothesis (cF. chap. ii.

P- 15)-

Much progress was also made with methods of qualitative an

alysis, and during this epoch the composition of water (Caven

dish) and of air (Mayow, Priestley, Scheele, etc.) was cleared

up. In consequence of the manipulative processes intro

duced by Boyle and (in lesser degree) the later iatro-chemists

the investigation of gases went on rapidly and the isolation of

nitrogen or " phlogisticated air " (Rutherford, Scheele, Priestley)

oxygen or " dephlogisticated air" (Scheele, Priestley), car

bon dioxide or " fixed air " (Black), hydrogen (Cavendish), and

chlorine (Scheele) among other gases may be placed to the

credit of the " phlogistic " chemistB. The mutual relationship of

salts, acids and bases was also recognized, Rouelle (1744) de-

fining the former as a combination of the two latter, and also

distinguisTiing between neutral, acidic, and basic salts. The
more ordinary acids became fairly well-known, sulphuric, phos-

phoric, nitric^ and hydrochloric acids being classified as " mineral

acids," while formic, citric, oxalic, uric, tartaric and others were

termed " animal acids " ; bases such as the alkalies and alkaline

carbonates, and " earths" such as the calces of magnesia alba,

alum, barytes, quartz, etc., were also characterized at about

this time. In what is now called organic chemistry, the pre-

paration of alcohol, wood spirit and various " ethers " was

advanced, while Scheele, who discovered most of the " animal

acids " just mentioned, also isolated glycerine from fats.

Technical chemistry now rose to be an independent branch

of the science, the following being the more notable develop-

ments of the period : the manufacture of nitric, sulphuric, and

Nordhausen sulphuric acid ; the metallurgy of zinc, and pro-

cesses for gilding and silvering metals ; the fabrication of por-

celain (Sevres) ; and of mineral dyes and paints, such as Prussian

blue (Fe4ni[Feii(CN)g]3) and Scheele's green.



CHAPTER II

THE CHEMICAL HISTORY OF FIRE, AIR, AND
WATER

§ I. Fire and the " Fire Principle "—Of the four "Aris-

totelian elements " it may be said that, while chemists al\vays

have been and will be concerned with the constituents of( earth ,

the nature of fjrfi, nir. '""^ wflt^^ jWHS practically HparpH i"i|r<i

the course of a "century, or^.mQre'^prer.iRely, dnrinp; th^jihlogis-

jtic period. It is thus convenient to study these three together

at this point. It was the universal custom of the ancient

philosophers to consider all three as elements^but^^

membered that " element "
at that penodmeant rather a funda-

mental property, than afunQamentalunitary kind of~matter.

Later on, some ofthe alchemists held that by mteractio"norpairs of

these four elementary properties, three fundamental principles,

akin to mercury, sulphur, and salt, were formed. It is easyJo_see

why " fire " was given a position equal to the.other three elements,

for while the gaseous, liquid, and solid states could be repre-

sented fundamentally by air, water, and earth, the equally patent

state of " flame " was supposed to be the manifestation of the

principle of *' fire ".

/^ The earlier alchemists did not turn their attention very

/ seriously to the problem of combustion, but in the iatro-chemical

; era, Sylvius [circa 1650) suggested that sulphur (the alchemical

/ " principle ") was the principle of fire, and also drew attention

^ to the analogy between burning and breathing. This suggestion

was accepted by other alchemists, such as Homberg and Kun-
kel ; Boyle, who, to use the title of one of his works, was more of

14
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a " sceptical chymist," regarded it as possible, but not proved,^and

preferred merely to call the fire principle a " combustible earth ".

In the meantime Mayow (1668-9) showed that there was

a substance in air which took part both in the calcination of

metals and in respiration, but did not seemingly pursue the

subjectJarjjnouglLto give a complete explanation. At about

the same date the alchemist Becher was trying to revive the

old " principles " under new names, " mercurial, vitreous, and

combustible earths " ; the latter, " terra pinguis," was set free

when combustion or calcination took place. Unfortunately, as

has frequently happened, preconceived assumption met with

more notice than precise observation (due in this case to

Mayow), and Stahl, one of Becher's pupils, elaborated Becher^s

idea into the famous phlogiston theory.

Stahl assumed that all combustible or calcinable matter con-

tained a substance ''phlogiston " 1 which was evolved during

the process of burning ; the more readily and completely com-

bustible the substance, then, the greater was the amount of

phlogiston it contained. Coal was supposed to be particularly

rich in phlogiston, for on heating, it is almost entirely burnt

away, while by heating it with many metal oxides the metal is

reformed. On the other hand, the metals, etc., were supposed

to be the products of union of phlogiston with the metal calces,

and we can represent these views by an equation, perhaps, as

follows :

—

Metal ^ Phlogiston + metal calx (oxide).

Sulphur ^ Phlogiston + sulphuric acid.

Phosphorus 7^ Phlogiston + phosphoric acid.

When a calx or sulphuric or phosphoric acid is heated with

matter rich in phlogiston (coal), the metal or sulphur or phos-

phorus is "revived". This idea is a direct inversion, so to^

speak, of our modern view of combustion, for we hold that

1 Some consider that " phlogiston " has been in a manner realized in

the form of the '• heat of formation or decomposition " of a body.
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addition of oxygen takes place in combustion, and elimination

of oxygen in reduction. In order to make the relation of

phlogistic to modern views quite clear, we may add that :

—

Elimination of phlogiston = oxidation (combustion).

Addition of phlogiston = reduction (elimination of oxygen).

Stahl suggested that a similar explanation, based on phlogiston,

could be found for respiration, which would thus consist of an

exhalation of phlogiston.

This theory gave a concise explanation of a large number of

miscellaneous facts, and it was exceedingly simple. Unfor-

tunately, it was also hopelessly impossible; the " elimination of

phlogiston " was invariably accompanied by gain in weight, and

conversely ! This did not deter the earlier adherents ortTTe

theory, at all events, from accepting it as blindly as did the

alchemists the doctrines of metal transmutation and the exist-

ence of the elixir of life. One cannot quite understand the

attitude of chemists who said that " although " gain in weight

always accompanied combustion, and loss in weight what we
now call reduction, yet "notwithstanding this "the former phe-

nomenon was due to IpsSj and the latter to^ain, of phlogiston.

Of course little attention was paid at that time to quantitative

methods, and the importance of mass as the only reliable guide

to the " amount of matter in a substance " was unrealized ; but

even much later, phlogistonists suggested, as a way out of the

difficulty, that their fire-stuff possessed a negative weight.

That the phlogistic theory was in no wise a worthless attempt

at an explanation of combustion is proved by the number of

useful discoveries made in all departments of chemistry in the

eighteenth century and by the men whose allegiance to it did

not prevent them from being brilliant chemists (Black, Cavendish,

Priestley, Scheele, Bergman, etc.). The nature of air and water,

indeed, was finally elucidated during this epoch, and it will be

most convenient to deal with these before proceeding tOigive a de-

scription of the advent of Lavoisier and the decline of phlogiston.

§ 2. Air: a Mixture of Gases—For long ages people
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were content with the old notion that air was an " element,"

a simple substance, but in course of time two circumstances

combined to render this view open to question.

(i) Van Helmont, whom many regard as the " founder of

pneumatic chemistry," showed that it was possible to isolate

gases from various materials, and that these gases frequently

possessed varying properties. He, indeed, was the first to use

the term " gas " {geist = spirit), and differentiated " gases7'

which he supposed to be unliquefiable, from " vapours," or

gases which on cooling condensed to the liquid state. He
seems to have isolated carbonic acid in various ways (com-

bustion, fermentation, etc.), and gave specific names to a

number of other gases, but we cannot tell in many cases to

which particular substance he refers.

(2) A little later (1650-90) the behaviour of substances

heated in an enclosed volume of air began to be observed

;

Mayow (1668-9) noted that when metals were calcined or

animals breathed, a part of the air (the ^^ spiritus nitro-mreiis^^

also a constituent of saltpetre) was used up, while the remainder

(" nitrous air ") was somewhat lighter than the original air, was

insoluble in water and did not support combustion. Similarly

Boyle's work on calcination and respiration showed him that

air was a mixture and that only one part of it was actually essen-

tial to burning or breathing, but neither he nor Mayow definitely

prepared this active ingredient.

The fact that air itself is ponderable was first proved by Rey

(1630). These facts comprise practically the whole knowledge

of air down to the middle of the eighteenth century. The
phlogistonists regarded it simply as a receptacle into which

phlogiston escaped in cases of combustion, etc., and if it was

desired to explain the incapability of some gases to support

life or flame, did so by the assumption that such were already

'* phlogisticated,"—saturated with phlogiston. Little material

progress was made till later upholders of the phlogistic theory

(Black, Priestley, Scheele, etc.) devised means for separating,

2
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collecting, and manipulating gases which rendered their more

minute investigation possible. Priestley, for instance, introduced

the familiar "pneumatic trough " and "beehive shelf" and also

utilized mercury, instead of water, as the collecting medium.

We may thus say that at about 1750 air was believed to be a

mixture of at any rate two ingredients, one which supported life

and one which did not, or was a gas " partly saturated with

phlogiston ".

§ 3. Air : its Constituents—The bulk of the work of the

later phlogistonists on air was of a qualitative nature, but excep-

tions are to be noticed in the case of Joseph Black's work on

carbonic acid (1750-5) and Cavendish's analysis of air and

water (1785 onwards). The crucial point of the problem was

reached when Scheele and Priestley simultaneously and inde^:

pendently discovered oxygen in the summer of 1774. Both of

these were examining the gases evolved from the " calces
"

of metals under different conditions, and both obtained oxygen

by heating red oxide of mercury, and noted that it supported

combustion similarly to air, only very much more vigorously.

Their adherence to the phlogiston theory prevented them irom
arriving at the correct explanation of combustion, but they re-

cognized that air was a mixture of two different gases. Scheele

also obtained the new gas by heating saltpetre alone, and by

warming black oxide of manganese with phosphoric or sulphuric

acids ; he called \i fire air, Priestley obtained it from minium

(PbgO^) as well as from mercuric oxide, and named it de-

phlogisticated air, from the readiness with which it " absorbed

phlogiston ". By finding an absorbent for the new gas (Priestley

(1775) used "saltpetre gas," nitric oxide, and Scheele (1777)

ferrous hydrate or phosphorus) both proceeded to isolate the

other constituent of air in a tolerably pure state, and found it

to be somewhat lighter than air and a non-supporter of com-

bustion, thus confirming Mayow's previous work (p. 15); Ji

should be noted that the existence of oxygen itself was practically

discovered by Mayow and by Boyle, although neitlier succeeded
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in its isqkjion. This inactive part of the air, which Priestley

termed phlogisticated air^ and Scheele spent air, had also been

isolafed a little earlier (1772) by Rutherford, who adhered to

Mayow's name, nitrous air. A number of other scientists also

worked on this gas at about this period, and it acquired a variety

of names. Fourcroy in 1788 and Berthollet in 1791 showed it

was a constituent of animal tissues, and the former author, from

its relation to the " alkaline " ammonia, suggested the name

alcalighie ; Lavoisier used the term mephitic air and later azote

—a name which means the same as the German Stickstoff (suffo-

cating substance). Its modern name, nitrogen, \sdJ6 first used

by Chaptal, on account of its relation to nitre. .It should be

noted that the elementary character of the gas was not realized

at this time, nor indeed for a considerable period after, for Davy

and Berzelius believed it to be made up of oxygen and another

element—a view which was not finally abandoned till about 1820.

We must now consider the other constituents of air—carbonic

acid, water, and the " rare gases of the atmosphere ".

The presence of carbonic acid was appreciated even before

Mayow's time, for van Helmont (early part of the seventeenth cen-

tury) noticed its occurrence in air, in caves, in mineral springs,

and in animal organs, and showed how to prepare it by burning

coal, fermenting wine or decomposing chalk or " potashes " with

vinegar. He called it gas sylvestre, but confused it with other

gases which do not support combustion. Black (1750-5)

also realized its presence, and called it fixed air, but we must

discuss his work somewhat later, as it is concerned with the com-

position of the alkalies and alkaline carbonates rather than with

that of air. Lavoisier (1775-6) and Dalton (1803) both deter-

mined with more or less accuracy the proportions of carbon

and oxygen present in the gas, but this we can also deal with

more appropriately in a later chapter. We should mention,

however, that Scheele and Priestley each showed that when a

candle burns in an enclosed air-space, exactly a&in^^h. fixed-oif:

is generated as depk/ogijticatedmrjssiQnsuiQ§^
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It has already been said that Cavendish was one of the few

chemists of the phlogistic period who concerned themselves

with quantitative research, and as a matter of fact, be made

some exceedingly accurate analyses of air, showing that its^com-

position was practically constant, but varied within very small

limits. He_ estimated the oxygen by explosion with hydrogen,

and then to see if the xes\di\id\ phlogisticated air was homogene-

ous, sparked it with excess of oxygen till no further contraction

took place. He stated (1785) that " if there is any part of the

phlogisticated air of our atmosphere . . . which differs from

the rest ... we may safely conclude that it is not more than

\\t5 P^^^ of ^^^ whole ". A hundred and ten years later it was

proved by Lord Rayleigh and Professor Ramsay that a little less

than one per cent of the atmosphere was made up of a series

of " inactive," chemically inert, gases. We will summarize the

knowledge of air gained by the end of the phlogistic period and

then return to the description of these "new " gases:

—

Period :

Ancient, Al-
chemical.

o
PQ

i

S ^
"U _:^ to .

bo
(4-1

o
<u

3

s
<

Modern
Name.

Oxygen

Definitely

Isolated.

1774

Phlogistic.

Phlogistic Names. Regarded as—
Fire air (Scheele) Air
Dephlogisticated air devoid of

(Priestley) phlogiston.
Spiritus nitro-asreus

(Mayow)

Nitrogen 1772 Spent air (Scheele)

Phlogisticated air

(Priestley)

Nitrous air (Mayow)
Mephitic air, Azote

(Lavoisier)

Nitrogen (Chaptal),

etc.

Carbonic acid About 1620 Gas sylvestre (van

or earlier Helmont)
Fixed air (Black)

, Water

Air

saturated with
phlogiston

(Priestley), or

Nitric acid

saturated with
phlogiston

(Cavendish).

Various, e.g.

Phlogisticated

muriatic,

nitric, or

sulphuric acid.

An element.
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§ 4. Air : its ** Inactive " Constituents—The history of

the five " inactive gases of the atmosphere " is comprised within

a very recent period—the last fifteen years ; and much of the

work of their discovery, curiously enough, was carried out within

a few hundred yards of the house in Gower Street, London, in

which Cavendish, the last previous worker on the subject, lived

a century before. The isolation of argon, the first of the series

to be recognized and also the most abundantly occurring mem-
ber, was due in the first instance to physical research, Lord

Rayleigh (1893), who was engaged in checking the densities of

the principal gases, observing that nitrogen from the atmosphere

was always slightly heavier than that prepared from chemical

compounds. He and Ramsay found this was not due to any

peculiarity of the nitrogen present in either case, and therefore

set out to repeat Cavendish's work on the question of the

homogeneity of nitrogen—only with all the advantages of

modern appliances and methods. The meaning of the last

sentence may be realized when it is reflected that these later

investigators had at their command (a) spectrum analysis, where-

by traces of any gas could be qualitatively determined with the

greatest ease (cf. chap, x., p. 186) ;
{b) methods for cooling air

sufficiently to liquefy it, whereby huge volumes of gas could be

treated at once (cf. chap, x., p. 174); {c) chemical means of

absorbing nitrogen and other gases which were unknown in

Cavendish's time. They found, by repeating Cavendish's ex-

periment of sparking the residual gas with oxygen over potash,

and also by passing nitrogen repeatedly over heated magnesium

or calcium, that a residue of inert gas, giving an altogether new
spectrum, was left. This they termed argon, from its incapability

of entering into chemical reactions.

It was known that a gas, supposed to be nitrogen, was often

found occluded in uranium minerals (cleveite, broggerite,

pitch-blende, etc.). These were next examined by Ramsay and

from them in 1895 he obtained another inactive gas much lighter

than argon, previously only observed in the sun (by Sir N.
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Lockyer, who christened it helium^ in 1868), and at once re-

cognized by its spectrum (with a notable yellow line—" D3 ").

Argon was also sometimes obtained, one mineral—malacone

—

giving this as the chief occluded gas. The residue from air

termed " argon " was therefore prepared in large amount in 1898

by Ramsay and Travers and fractionally distilled at very low

temperatures ; two main fractions were obtained, and of these,

the lower boiling one gave by repeated distillation two gases,

helium and another new member, neoti^ while the other consisted

mainly of pure argo7i with two heavier gases, krypton and xenoiu

There was thus obtained a series of five new gases of unprece-

dented nature, in that they seemed to be devoid of all chemical

affinity, no compound of any of them being known. Their

physical constants have been determined fairly fully and are

given in the table below ; the atomic weights are determined from

the densities, for Ramsay found by the method of Kundt and

Warburg (cf. p. 189), that the ratio of specific heat at constant

pressure to that at constant volume was about i*6o in all

cases, the gases being accordingly monatomic. The spectra,

boiling-points, melting-points, etc., have also been determined by

various workers, notably Ramsay, Travers, and Dewar ; helium

was not liquefied for some time, but Kamerlingh Onnes finally

succeeded in condensing it by the Linde-Hampson process

(p. 174), in 1908. Careful search has been made by Moore

in Ramsay's laboratory for members of the series heavier than

xenon, but without success (1908). The table shows, as well as

the physical properties, the approximate amounts of each pre-

sent in air, from which it will be seen that the designation " rare

gases of the atmosphere " is not very apt, since together they

comprise almost one per cent thereof, besides occurring oc-

cluded in various minerals, and dissolved in many springs, etc.

Their relation to the problem of radio-activity is not yet com-

pletely understood, but it may be said here that Ramsay has

proved that helium at least is one of the disintegration products

of radium, and that " radium emanation " is a gas possessing

the properties of a higher member of the series.
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Percentage in Atomic Weight Boiling- Melting-
Name. Atmosphere. (1910). point

(760 m.).

point.

Helium 0-0005 4-0 4-5° abs. Below 3° abs.

Neon 0-0025 20-0 -243°C. -253°C.
Argon 0-942 39-9 - 186-1° C. - i8g-6° C.

Krypton -00002 83-0 - 1517 - i6g-o

Xenon Less than any
of the above

130-7 - log-i - 140-0

§ 5. Water—The story of water is a much simpler one

than those of either air or fire. From the earliest times right

down to the end of the phlogistic period (and, in isolated in-

stances, even later) it was looked upon as an " element ''. The

ancients seem to have thought that water and air could be

transformed into each other, and also that water was readily

converted into ** earth "—another proof that " element " did not

then mean a definite unitary species of matter. The latter idea

crops up persistently through the next two periods : thus Basil

Valentine, who realized the importance of water to plant and

animal life, held that it was transformed in the organic economy

into earthy matters, and amongst the phlogistonists we find

Scheele engaged in a qualitative analysis of the solids left by

evaporation of water (he mentions lime and silica as the chief),

while Lavoisier's first purely chemical service was to show that

such solids were either primarily dissolved in the^ .water, or-

dissolved by it out of the containing vessels.

We owe the discovery of the compound nature and quali-

tative composition of this all-important liquid, however, to

Cavendish, who proved definitely that when hydroge7t burns,

water is the sole product of combustion. And here we may

conveniently recount the history of hydrogen. The gas and its

formation from iron and dilute acids were known to van

Helmont, who seemed to confound it with carbonic acid. Its

inflammability had been observed by others of the later al-

chemists and by Boyle; its reducing properties caused not a few

of the phlogistic chemists to look upon it as phlogiston itsel£.

The liquid formed when it burned was usually believed to be
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an acid until, as just mentioned, Cavendish (about 1782) showed
this to be pure water. He proved that hydrogen (or inflam-

mable air^ to use his phlogistic term) was only explosive in

presence of air or oxygen, thereby pointing out the rernaining

constituent of water, and he determined the relative weight flif

the gas with moderate accuracy. Although Cavendish used

hydrogen in determining the composition of air, it was Lavoisier

who, in 1783, made the first quantitative synthesis of water.

Lavoisier (1787) also gave hydrogen its modern name ("water-

producar "), and showed how this gas could be formed by the

action of steam on red-hot iron. The direct quantitative

analysis of water came a little later, when Nicholson and

CarHsle succeeded in decomposing it by electrolysis (1800).

The true composition of water, then, became known at about

the beginning of the nineteenth century, but the notion of its

elementary nature died very hard, even Priestley remaining

unconvinced for some years.

§ 6. Fire : Lavoisier's ReYolution—In following up the

history of air and water we have been forced to make a digres-

sion from that of combustion, which it will be recalled had

been traced down to the time at which the phlogistic theory

held full sway. We must now return in point of time to the

years immediately preceding and following the French Revolu-

tion (1791)—as crucial a period for modern chemistry as for

modern politics, though for vastly different reasons.

Somewhat previous to the year 1770 the French scientist

Lavoisier was attracted by the twin phenomena of combustion

and calcination, owing, in the first instance, to a request to

investigate means for lighting the streets of Paris. As a physi-

cist (and physics at that time meant mainly astronomy, optics

and mathematics—^all three sciences requiring precision of

measurement) it was natural that he should have paid much
more than usual attention to the quantity of the substances re-

acting, and that to this end he should have provided himself

with a delicate balance. In 1772, in a private communication
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to the French Academie des Sciences, he reported that metals,

phosphorus and sulphur gain in weight and absorb "air " when

heated in the atmosphere, while by heating a metal oxide

(litharge) with coal much '* air " was generated, as well as

the reduced metal. This report betrays a tendency to go to

the opposite extreme of the usual failing, or, in other words,

to neglect the qualitative side of chemical reactions, for he

failed almost entirely to distinguish between the different kinds

of "air". Let it be remarked, too, that increase in weight on

calcination had been observed by Rey and Mayow more than

a century previous to this, the latter being apparently well on

the way to the correct explanation of the process when, at a

somewhat early age, he died.

Lavoisier, however, repeated the work of 1772 and produced

a series of results which settled once and for all the problems

of combustion, calcination, and respiration. These must be

briefly summarized.

In 1774 he heated tin in a closed vessel and found the

weight to be exactly the same before and after the process

;

but on opening the vessel air entered into it in an amount

which showed that the deficit of air in the vessel was equal to

an increase in weight which the tin itself was found to have

undergone. During the same year Priestley told him of the

isolation of " dephlogisticated air". Lavoisier then repeated

the tin experiment with mercury, and from the oxide formed he

reproduced the new gas according to Priestley's method ; in

this way he realized that the essential part in these processes

was .played by " dephlogisticated air
"—it is unfortunate to have

to say that he avoids any mention of either Priestley or Scheele's

work on the discovery of that gas ! The next two years were

occupied by proving that the combustion product of diamond

and of wood charcoal was '' fixed air," and that many " organic
"

bodies (alcohol, oils, fats, etc.) gave only fixed air and water by

their combustion ; this, of course, showed such bodies to be

made up only of carbon, hydrogen (and perhaps oxygen), but
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the composition of water not being then known, this deduction

was not made for some few years. In 1777 he showed that

phosphorus leaves four-fifths of the volume of enclosed air in

which it burns untouched, but completely consumes similarly

enclosed dephlogisticated air; that sulphuric acid consists of

sulphurous acid (known to be formed when sulphur burns in

air) and dephlogisticated air, by prolonged heating of quick-

silver with sulphuric acid, when first the former and then the

latter gas is evolved (this experiment, in separate parts, had

been made previously by Priestley) ; and that nitric acid is

similarly constituted (the more detailed investigation of the

composition of nitric acid is due to Cavendish). With all these

facts, he was in a position to enunciate his ^'- oxidatioti theory'' :

Substances burn only in ''^pure air" which is used up in the pro-

cess^ the weight of air used balancing the gain in weight of the

substance. The product of combustion is usually an acid, but

metals give the metallic calces. A little later, concluding that

his "pure air" was a constituent of all acids, he suggested its

modern name, oxygen (1781). This later work consisted in

investigating the combinations of metals with oxygen and the

nature of the different "calces". The only difficulty in the

way of his theory was that no explanation was given of the

reasons for the dissolution of metals in acids and the evolution

of hydrogen at the same time. Cavendish's synthesis of water

(1783) gave the clue to this, and so it may be said that by

about 1785 Lavoisier's " oxidation theory " was complete, and

in the course of the next two decades completely supplanted

the topsy-turvy explanation furnished by the phlogistonists.

.



CHAPTER III

THE ULTIMATE CONSTITUTION OF MATTER

tury B.C. Thales, Anaximenes and Heraclitus assumed for

varying reasons that water, air, or fire respectively was the

primary material out of which the universe was evolved. Such

views were not of great individual influence, but Empedocles,

about 440 B.C., gave utterance to the idea oi font- fundamental

elements—earth, air, fire, and water—a view possibly derived in

some degree from dimly-known Hindu and Chinese systems

of thought. Some hundred years later Aristotle modified this

theory by teaching that " matter " was the outward result of the

combination of " properties "
; there were four essential " pro-

perties "—heat, cold, damp, dryness—besides a number of

secondary ones, all carried about by one original matter.

Combinations of these properties, two by two, were the

"elements" from which all matter was made; thus:

—

Properties. Element. Properties. Element.

at + damp Air Cold + damp Water
at + dryness Fire Cold + dryness Earth

He further declared that another element of an immaterial

or ethereal nature was necessary for a complete explanation of

natural phenomena (this ethereal constituent was later called

the " quinta essentia," and long after this was sought by the

alchemists as the " purest " form of matter, and identified by

them with their imaginary elixir). Aristotle's somewhat fanci-

ful doctrine is noteworthy, because by the mutation of his

27
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" properties " the observed transformations of natural bodies

could be explained.

Somewhat earlier (about 425 B.C.) Democritus had suggested

that by repeated subdivision of matter a point would be

reached when no further subdivision was possible. The body

thus isolated—a " first beginning," or atom of matter—was the

ground material of the universe, and, according to our philo-

sopher, all such atoms were of the same nature and in continual

motion, but differed in form and size.

These two doctrines were co-ordinated and developed by

succeeding philosophers, notably by Epicurus (345-274 B.C.),

and an elaborate account of the latest phase of ancient theory

is given by the Latin poet Lucretius in his work, " De Rerum

Natura," published about 58 b.c. "The void, or aether, per-

vades everywhere, while the matter is made up of a certain

primal element and its aggregates. This element exists in the

form of infinitely small, ever-vibrating first-beginnings or atoms,

of finite shape, but giving rise by varied combinations to bodies

of infinite shape, either solid (when the atoms are tightly packed)

or liquid or gas, air or light (when they are not in such dense

aggregates)."

The term element possessed an indefinite meaning in the

next period, and sometimes referred to the actual matter in a

substance, sometimes to a property of that matter, but never to

a simple substance! In general, the alchemical "element"

meant something more related to properties than to matter

itself—something which we can perhaps best depict by the

word "principle". Thus Geber (eighth century) states (it is

not clear upon what grounds) that all metals contain two such

principles—sulphur and mercury, the latter imparting metallic

properties, such as glance, ductility, etc., and the former readiness

of decomposition, the different properties of metals depending

on the varying amounts of these two principles, which, however,

must not be confounded with the actual chemical substances of

the same name. Quicksilver and sulphur, in the usual sense,

U
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were assumed to be bodies containing maximum amounts of

the respective principles. Other Arabian authors held much

the same view, but amongst the Christian nations the influence

of the Aristotelian doctrine and of a mystical importance

attached to the number three is noticeable. The third " prin-

ciple," first assumed by Basil Valentine (fifteenth century), was

" salt/^he principle of resistance to fire^ Some alchemists used

different names for the principles ; thus Albertus Magnus calls

them water, arsenic, and sulphur, and so it is hard to make any

serious generalization on the subject. The iatro-chemists natur-

ally paid less attention to the ultimate composition of substances,

and this perhaps led to the loosely defined way in which the

three principles are referred to by many of the later alchemists
;

these were, however, always tacitly assumed, and Paracelsus

(sixteenth century) asserts that organized as well as inert

nature consists essentially of varying combinations of " sulphur,

salt, and mercury". Finally Becher (seventeenth century) gave

these alchemical elements a new series of names, as appears in

the following summary :

—

Alchemical Principles.

Of Metallicity Of Changeability

or Durability. or Dross.

Of Solidification

or Resistance

to Fire.

Geber
Basil Valentine .

Quicksilver Sulphur
Salt

Paracelsus

.

Becher

/ Arsenic or \

\ Quicksilver/
Mercurial earth Combustible earth Vitreous earth

The lax nomenclature as well as the duplicity of not a few

alchemists was scathingly criticized towards the close of the

seventeenth century by Kunkel and by Boyle, who was the first

chemist to say precisely what he meant by " element," giving at

the same time a definition which has lasted : a substance

which has notyet been decomposed into simpler ones (" Chemista

Scepticus," 1 661). While suggesting that the then so-called

elements were not necessarily simple, he yet predicted a much
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larger number of real elements than the ^Aristotelian four or

the alchemistic three, although he doubted if the elements so

obtainable by chemists would represent the absolutely ultimate

origin of matter.

§ 2. The Evolution of Chemical Nomenclature—No
further contribution of any permanent value to the problem

took place for a century after Boyle's time, for, naturally, so

long as people were in error with reference to the supposed

phlogiston there was an inversion of opinion as to whether
'* calx " or " metal " was the real element. As soon as Lavoi-

sier's theory of combustion was definitely accepted the way was

open for a sweeping generalization of the host of chemical sub-

stances then known. Lavoisier himself undertook the task

(1787), adopting as the basis of his system Boyle's definition of

an element. With a few modifications he used the nomen-

clature introduced a little earlier (1782) by Guyton de Morveau,

one of the founders of and professor of chemistry in thef " Ecole

polytechnique " at Paris. This was as follows :

—

Chemical Substances.

Elements. Compounds.

(Five classes.) (Two classes.)

(i) Heat, light, oxygen, nitrogen, hydrogen. (i) Binary (acids, Ijases).

(ii) Acid-forming elements (sulphur, car-

bon, etc.). (ii) Ternary (salts),

(iii) Metals (we should say "heavy"
metals, iron, copper, etc.).

(iv) Earths (lime, magnesia, alumina, etc.).

(v) Alkalies (only decomposed by Davy
years later).

Acids and bases, being regarded at that time as combinations of an

element with oxygen, were termed binary compounds.

Lavoisier's chief alteration had reference to the last two

classes of " elements," of the simple nature of which he was

doubtful ; indeed, two years later he felt the necessity of elimi-

nating the alkalies entirely from the list of elements. We may'"'*/.^«
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as well complete the story of chemical nomenclature at this

point ; as we shall shortly see, the discovery of the fundamental

rules of chemical combination and the doctrine of " atoms " in

its modern form soon followed the adoption of Lavoisier's views.

These in turn led to the investigation and accurate analysis of

a great many inorganic materials, and in this field no more

active and skilful worker existed than the great Swedish chemist

Berzelius. His enlightened views and abundant experience fitted

him for the work of extending and adapting Lavoisier's nomen-

clature to include the additional facts known by i8ii. In that

year he published his first system of nomenclature, based upon

his electro-chemical or " dualistic " theory of chemical union

(see chap, iv., p. 50) :

—

Chemical Substances.

Elements. Compounds.

Electro-positive. Electro-negative. Electro-positive. Electro-negative.

Metals. Metalloids Basic oxides. Acid oxides.

(** non-metals "). '
,

'

Salts.

He tried to extend the dualistic system and its nomenclature

to organic compounds, but met with little success in that direc-

tion. He also invented a simple method of chemical '* short-

hand," or abbreviation, which is practically that now in use, and

so need not be detailed here. A certain amount of confusion

resulted from the fact that Berzelius referred all his formulae to

the " oxygen " standard, or, in other words, took a ^/valent ele-

ment as unit of combination, and, further, was not definite with

reference to the distinction between equivalent and atomic

weight. This led him to the use of " barred " symbols to repre-

sent what he called " double atoms " in the case of compounds

containing two monovalent atoms combined with oxygen ; thus

he wrote HO and not HgO, and so on. This ambiguity may be

the reason why his notation, now universally adopted, was at

first received with a good deal of coolness, and, indeed, open
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opposition, especially in conservative England. The only other

modern notation emanated from Dalton, who assigned to the

more common elements various geometrical symbols, and repre-

sented their combinations by placing the appropriate symbols in

juxtaposition. This method was naturally far too cumbrous to

be permanent, though doubtless it was of value in the early

struggles of the atomic theory, giving, as it must have done, a

mental picture of the way in which the atoms united to form

compound bodies.

§ 3. DiscoYery of Equivalent Combining Proportions

—Given Boyle's definition of an element and Lavoisier's proof

of what substances were elementary and what were compound,

it is possible without reference to any further hypothesis to

divide chemical substances into the different classes enumerated

by Berzelius. This does not apply, of course, to the Berzelian

notation, which, as far as its quantitative significance is con-

cerned, is based upon the atomic hypothesis. It only remains

now to discuss this important subject and its later development,

for all modern work connected with Dalton's theory has so far

served to amplify and not to contradict it.

The establishment of the theory is really due to both English

and Continental workers. No one has ever questioned that

the genius and perception of Dalton led to his enunciation of

the doctrine of atoms ; it was his idea, and was confirmed by

his own experimental work. Nevertheless, when his views

were published, it was seen that other and somewhat earlier

work afforded strong confirmatory evidence in support thereof.

For instance, J. B. Richter (1791-1800) showed that mixed

solutions of two neutral salts invariably remained neutral,

whether double decomposition took place or not ; he concluded

that the two quantities x and y of two different bases X and

Y which neutralized the same amount a of an acid A would

each neutralize an amount b of another acid B, and conversely.

He also measured the different amounts of metals precipitated

from salt solutions by certain other metals, and gave to the
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whole process the name Stoichiometry—the measurement of

the proportion by weight in which substances combine.

Again, in 1808, shortly after Dalton hadpublished his theory,

Gay-Lussac published results on the volume relations of re-

acting gases, showing that the volumes entering into combina-

tion bore to each other and to the products (if gaseous) a

simple numerical ratio. Thus he proved that

2 volumes of carbon monoxide and i volume of oxygen give 2 volumes

of carbonic acid.

I volume of nitrogen and 3 volumes of hydrogen give 2 volumes of

ammonia.

He readily perceived in this a confirmation of Dalton's view,

while, curiously enough, the latter worker, as we shall shortly

see, was inclined to regard it as a stumbling-block.

§ 4. Dalton's Atomic Theory—How, then, was Dalton

led to the conception of his " atoms " ? It came about entirely

independently of all this previous work, and, in a more distinc-

tive way than many other famous advances in science connected

with different names, was due to the man's own work and

thought. He had been analysing olefiant gas (ethylene) and

light carburetted hydrogen (methane) and found that, for a

given amount of carbon, the latter contained exactly twice as

much hydrogen as the former. Struck by the simple relation

thus disclosed he proceeded to analyse carbonic oxide and

carbonic acid gas, of course with precisely similar results. In

this way the Law of_Multi^le Combining Proportio7is was dis-

covered, and its truth was emphasised still further when he

investigated the series of four nitrogen oxides and acids then

known.

What did this simple numerical rule imply? Some earlier

researches by Dalton helped him towards an answer. In some

work on the solubility of gases in water he had, like his con-

temporary and colleague, Henry, noted how pressure increases

the capacity of a gas to dissolve. It seemed as if the water

was a mass of minute particles between which the gas particles,

3
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which would be " rarer " and more volatile, could move to a

certain extent, and then by increased pressure more of the

gas particles would be forced into the interstices of the water-

particles. Thus supplied with the rudimentary idea of an

atom, it was easy to extend it. If the gases were an assemblage

of such particles, in any one gas all the particles must be alike,

and moreover any action in which the gas participated must be

made up of the actions of the several particles. In other

words, when two gases joined to form a third, the process was

the result of the union of their constituent particles. It was

obvious, too, that one particle of a substance might be joined

to one, or to two, or to some other definite number of particles

of another substance—thus explaining the rule of multiple pro-

portions. So in 1807-8, the Atomic Theory was enunciated

as follows in Dalton's " New System of Chemical Philosophy " :

—

(i) Every element consists of homogeneous atoms of constant

weight.

(2) Chemical compounds are formed by the union of different

elementary atoms in the simplest numericalproportions.

Dalton naturally proceeded to the determination of the re-

lative atomic weights of the elements, assuming that these

combined in the simplest possible atomic proportions, and

taking hydrogen as the unit of his system. These results,

which were not very accurate, expressed therefore the equivalent

combining weight, and not the atomic weight (in the modern

sense of the term).

Dalton's theory differs from the old Greek views of atoms

and from Boyle's "corpuscles," which were the ultimate par-

ticles of matter and by mutual attraction and repulsion pro-

duced chemical combination and decomposition, in that it

demands that the atoms of each element are entirely distinct

species of matter, and, as first enunciated, places a bar against

the notion of an ultimate primary material. He succeeded in

showing :

—

{a) How the elements may be made up of atoms
;
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{b) How these atoms may unite to form compounds
;

{c) How to determine the relative combining weights of the

atoms.

§ 5. Development of the Atomic Hypothesis—The
conception of atoms was at once accepted by the leading

chemists, but most of these (e.g. Davy, Gay-Lussac, WoUas-

ton) perceived that the actual relative weights determined

according to Dalton's principles were merely the combining

weights, and that no light was thereby thrown on the relative

weights of the atoms themselves. There was also the other^

difficulty arising out of Gay-Lussac's " Law of Volumes " ; ac-

cording to his work on this subject, for instance, one volume

of nitrogen and one volume of oxygen gave two volumes of

nitric oxide, whilst obviously one atom of nitrogen and one

atom of oxygen would give only one "atom" of nitric oxide.

The difficulty of an "atom" of nitric oxide occupying twice

the volume of the atom of either element was cleared up by

the Italian chemist Avogadro in 181 1. He assumed that :—

{a) Under equal conditions of temperature and pressure,

equal volumes of all gases contained equal numbers of molecules

;

(b) There were two sorts of ultimate particles, " mole-

cules int^grantes " (molecules) and " molecules elementaires
"

(atoms)

;

{c) The ultimate particles of an element might be molecules

composed of more than one atom.

Returning to the previous point, viz. the difference between

equivalent weight and atomic weight, we might fill a chapter

with a description of the uncertainty and confusion which pre-

vailed in the first half of last century with respect to these two

terms. Some, like Davy or Gay-Lussac, held that the deter-

mination of the relative weights of atoms themselves was impos-

sible ; others, and of these Berzelius was foremost, adopted the

opposite conclusion. Berzelius himself attacked the problem

with amazing thoroughness, and in the course of ten years had

made fairly reliable analyses of compounds of practically all the
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known elements. From the equivalents so obtained he chose

his atomic weights on the following system :

—

(a) With elements possessing volatile compounds he made

use of Gay-Lu^ac's and AvogadroVyolume-relations.

Thus, starting from 2 volumes of hydrogen and i of oxygen giving 2

of water, he saw that in water 2 atoms of hydrogen were united to i of

oxygen, and so obtained the true atomic weight of oxygen.

{d) With other elements he worked on the ratio of metal to

oxygen, and assumed that in general only i atom of the metal

was present per molecule.

In this way he came to regard proportions such as 2 : 3 or 2 : 5 as too

complex, and therefore formulated the iron oxides, for instance, as FeOg

and FeOj, and not FeO and FegO, as at present ; so that what we now
know to be dyad metals received double, and monad metals received

quadruple their present atomic weights.

(c) He always took oxygen for the basis of his calculations,

and indeed, in his tabulated results, took 100 as the atomic

weight of oxygen. (Later on it was thought better to refer all

atomic weights to H = i as the standard, since hydrogen was

the lightest element. In this way the atomic weight of oxygen

becomes 15 '88, and, since the majority of atomic weight deter-

minations involve the ratio element : oxygen, it has latterly be-

come the custom to call the atomic weight of the latter 16*00, and

refer hydrogen (1*008) and all the other elements to this value.)

This first atomic weight table of Berzelius was complete about

181 7. We can only briefly summarize its subsequent career.

In 1 81 9 Mitscherlich brought out his " Law of Isomorphism,"

stating that the amounts ol elements which replaced each other

in isomorphous compounds were chemically equivalent and

represented the relative weights of the replacing atoms, and

about 182 1 Dulong and Petit showed that in many cases the

product of specific heat and atomic weight was a constant

number.

Both these rules were of assistance to Berzelius, though he

attached but a minor importance to the second.
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His second atomic weight table (1826) was rendered neces-

sary because he found reasons for halving many of the values

he had previously selected.

Analyses of the chromates showed that chromium trioxide was repre-

sented by CrOg, so that the basic oxide must be CrjOg. Hence ferric

oxide was Fe.j03 and the "protoxide" FeO, and by isomorphism he

deduced similar atomic weights for the allied metals.

Next year, however, doubt was cast on his fundamental

assumption that the weights of equal gaseous volumes of the

elements were proportional to the atomic weights by the

French chemis t Dumas, who, by his vapour density measure-

lents (cf. p. 179), obtained in some cases values which were

multiples or sub-multiples of the Berzelian numbers. This and

the slender basis of Berzelius' assumptions about the atomic

composition of compounds led most people to despair of ever

finding the relative masses of the actual atoms, and a strong

reaction set in against his interpretation of the atomic doctrine.

Between 1830-50 further confusion arose. Gmelin, a Ger-

man worker, insisted on taking the simplest empirical com-

bining ratios as the equivalents and neglecting atomic weights

altogether, thus halving nearly all the Berzelian values. A
few years later Gerhardt noted that on this hypothesis more

than one equivalent of water or carbonic acid always resulted

when one equivalent of an organic compound was burnt, so he

decided for the old numbers, except that he regarded all metallic

oxides as composed of two atoms of metal and one of oxygen.

All three systems were used concurrently by different workers,

and a few, not content with the muddle, increased it by calling

the equivalent of oxygen 8 but that of carbon 1 2 !

Atomic Weights Berzelius Berzelius Final

(0 = 16). (1818). {1826). Gvielin. Gerhardt. Value.

Hydrogen . I I I I I

Oxygen 16 iG 8 16 16

Carbon 12 12 6 12 12

Iron . log 54*5 27 27 56

Sodium 93 46-5 23 23 23
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Fortunately the French chemist Laurent^( 1843) partially

cleared up the confusion by giving precise definitions to the

chief terms involved, namely, equivalentSy the mutually replace-

able quantities of similar and similarly combined elements

(consequently not always the same for each element) ; atomSy

the smallest particles participating in reactions ; molecules^ the

smallest particles capable of free existence ; molecular weighty

the weight of a chemical substance occupying the same volume

as a molecule of hydrogen. And Cannizzaro in 1858 helped

still further by summarizing the methods of atomic weight

determination according to reliability as follows :

—

[a) Vapour-density determination of compounds as well as

elements.

{b\ Specific heat determinations 1 •,, j\'^
, . \ with due reservation.

(<:) Isomorphism j

§ 6. The Periodic System—The inquiry into the manner

of union between elements to form compounds has always been

closely accompanied by observation of the similarity or dis-

similarity of the various elementary bodies. Theories of the

mutual relations of the elements have, since the establishment

of the atomic theory, developed along two lines :

—

{a) Discussion of the ultimate composition of the atoms, a

problem which we survey a little later (p. 41).

{f) Investigation of regularities in the chemical behaviour of

the elements.

Until Cannizzaro's systematization of the atomic weight values,

only fragmentary evidence of any connexion between properties

and atomic weights was available, but instances of apparent rela-

tions of this kind were very soon noticed here and there, especially

by Dobereiner of Jena, who in 1829 showed that some series of

chemically analogous elements could be arranged in "triads"

whose atomic weights were in approximately arithmetical pro-

gression, e.g. lithium, sodium, potassium ; calcium, strontium,

barium ; chlorine, bromine, iodine. It was also seen that other
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triads of very closely related elements possessed almost identical

atomic weights.

At about this time the *' homologous series " into which so

many organic compounds fall were being outlined, and Dumas
sought to show that the atoms themselves possibly formed in

some way a series based on somewhat similar lines; other arith-

metical regularities were pointed out by Odling in 1864. The
idea, though ingenious, was not supported to any great extent

by facts.

There are no other views sufficiently important to be recorded

until after the atomic weight confusion was removed in 1858,

but almost within a decade of this advance the periodic classi-

fication of the elements was accomplished. In its simplest form

this, which is the basis of all modern inorganic theory, was stated

by Newlands in 1864 ; he showed that by tabulating the known
elements according to increasing atomic weights "each eighth

element, starting from a given one, was a sort of repetition of

the first " (the " Law of Octaves "), but little serious attention

was paid to his discovery in England, and the honour of evolv-

ing the complete periodic system was divided five years later

between Lothar Meyer of Germany and Mendelejew of Russia.

The former showed that physical properties (atomic volumes)

and chemical properties (valency) varied periodically in each

group of eight elements and stated that the properties of the

chemical elements are periodic functions of their atomic weights.

The latter drew up a complete table of all the elements known
at the time, arranged according to the " periodic law " and
attracted much notice by the confidence with which he used his

newly found "law" to correct the atomic weights of some
elements and to predict in marvellous detail the characteristics

of three elements at that time unknown. Both corrections

and predictions have been justified, the former in the cases of

beryllium, indium, and uranium, the latter by the discovery

of scandium, gallium, and germanium.

While the usefulness and general correctness of the system
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have been admitted on all hands, difficulties have from time to

time appeared and some have not yet been removed. The chief

obstacles which have been encountered are :

—

(a) The groups pass from a strongly electro-positive element

(e.g. lithium) through gradually decreasing basic elements and '

finally reach a strongly electro-negative element (fluorine), after

which, without any gradual transition, the next element is again

highly electro-positive.

{d) The analogous elements of approximately equal atomic

weights (such as iron, cobalt, nickel) do not find any suitable

place in the table.

{c) Some elements of widely varying chemical behaviour are

brought into close juxtaposition; such are the alkali metals,

silver, copper, and gold.

(d) Some closely related elements are separated in the table
;

such are silver and thallium, or barium and lead.

(e) The position of argon and potassium and of tellurium

and iodine according to their properties is the opposite of that

demanded by their atomic weights.

These objections have been partly met as follows :

—

(a) The " new " non-valent gases of the atmosphere occupy,

from their atomic weights, positions intermediate between the

extreme electro-positive and -negative elements, and Ramsay

suggested that they form the transition elements previously

lacking. It will be noticed incidentally, that the original *' Law
of Octaves " has become a " Law of Ninths ".

(c) and {d) It is urged that the resemblances or dissimilarities,

as the case may be, of the various elements concerned are on

the whole best satisfied by their present positions in the table.

{e) Many are the re-determinations of the atomic weights of

tellurium and iodine which have been carried out in the hope

of reversing their order. But the consensus of the results tends

to show that the accepted values are correct and that this, to-

gether with the argon-potassium anomaly, must be left at

present unexplained.
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Various difficulties have been at one time or another partly

removed by attempts to re-cast the system ; among such efforts

may be mentioned those of Johnstone Stoney (1888), Walker

(1891), and Staigmiiller (1902).

In concluding this section, it must be emphasized that

Mendelejew's designation of the periodic system as a "law" is

somewhat of an exaggeration. The real law which underlies /

the system has not been discovered, although it may be V
surmised from the results obtained in the past few years, that \

the essential principle concerned depends on the constitution of

the atoms themselves, upon which question the electronic theory

of matter will no doubt in the course of its future development F) ft/

throw considerable light. ^)i

§ 7. Is all Matter derived from one ultimate Funda-
mental Material ?—When Dalton's atomic weight numbers

were tabulated with reference to that of hydrogen (the lightest)

as unity, the values for the few elements then determined were

nearly all very approximately whole numbers. There has al-

ways been an instinctive desire on the part of philosophers to

make simple generalizations wherever possible ; it was natural

to think that the heavier atoms were made up in some way

of a definite number of " condensed " hydrogen atoms. The
suggestion is connected with the name of Prout and first ap-

peared in 18 15. For a long while it was regarded sympathetic-

ally, then gradually the accumulation of evidence against it

changed the opinion of chemists, and for years now it has been

the custom to speak rather lightly of " Prout's hypothesis ". It

is pointed out that, firstly, the values on which it was based

(Dalton's and T. Thomson's) were hopelessly inaccurate ; that,

secondly, several workers with a strong prepossession in its

favour set out to gather evidence for its support and returned

convinced of its untenability ; that, thirdly, other workers have

tried to invent modified forms of the hypothesis and have

usually conspicuously failed. And yet, in spite of the cool

reception which Prout's views meet with at the present time.
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communications are intermittently appearing in the scientific

journals from observers who think they have found a means

of calculating the atomic weights of the elements or of indi-

cating how the latter have been "evolved" from a primordial

material.

The accurate determination of chemical equivalents by Ber-

zelius and others soon compelled the upholders of the original

hypothesis to shift their ground; and in succession the half

and the quarter of an atom of hydrogen were put forward as

the " unit " of matter. This repeated subdivision of the

" unit " of course destroyed the original form of the idea.

Dumas, Marignac, and Stas were three noted stoichiometric

investigators, each of whom started to collect evidence to bear

upon Prout's view, and all concluded that there was no such

simple relation subsisting between the elements. Stas, indeed,

executed a series of researches which were for all time a model

of manipulation and skill : true, of late years sources of error

have here and there been detected in them, but every such

source of error known to Stas at the period of his work (1840-

65) was eliminated with perfect care.

Dumas, whose work was a little prior to that of Stas, and

who suggested that the elements formed " homologous series
"

among themselves similar to the series of hydrocarbons, etc.,

discovered in organic chemistry, and also Pettenkofer (1850)

devised mathematical formulae whereby to deduce the atomic

weights of the heavier from those of the lighter elements, but

such equations were scarcely approximately exact.

A few years subsequently there comes a division in the

speculations as to the mutual relations of the elements. One
line of thought was concerned solely with the resemblances in

properties of the various elements and sought to find a working

hypothesis by which to be guided in the general problems

of chemistry ; this helped to lead to the evolution of the

" periodic classification of the elements ". The other, the

more speculative and philosophical line of thought, deals with
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the " genesis of matter " and the constitution of the elements

themselves.

It may be said that this problem, too, has been approached

from two sides : spectroscopic and electrical.

For a number of years from about 1865 onward^, Sir W.
Lockyer made a detailed study of the spectra of the different

stars and found that the hottest stars contained chiefly hydro-

gen and other gases (some then unknown terrestrially), the less

hot stars contained the metals with which we are familiar on

earth, and the coolest were carbonaceous stars. Again Sir

W. Crookes, investigating the " rare earths " obtained from
" yttria " (originally supposed to be the oxide of one element,

yttrium), split these up into eight different fractions which were

in almost every respect chemically alike, but gave different

phosphorescent spectra. The former research seems to show

that in star-formation a process of building-up of the heavier

elements from hydrogen—or something lighter—is going on ;

the latter that there exist elements so closely related as to be

more like " varieties " than distinct " species " of elementary

matter. On this basis Crookes in 1886 suggested that the old

doctrine of the unity of matter might be true and that all the

elements were condensation products of a primary material,

"protyle". The fact that Kayser and Runge, and others,

have recently shown mathematical or " harmonic " relations

to exist between the wave-lengths of similar groups of lines

in different elementary "spectra" is held to be further evi-

dence of similarity in the different atomic structures.

On the other hand, Crookes opened up a new line of attack

about 1880 by studying the action of electric discharges in

vacuum tubes. The "cathode rays," which he was thus the

first to study, have since been characterized by Sir J. J. Thom-
son and others as streams of rapidly-moving matter, as particles

whose mass was about the thousandth part of that of a hydro-

gen atom, and, finally, as particles or atoms of electricity, which

has thus itself come to be regarded as material, or rather, we
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recognize now that the basis of matter is electrical. Dr.

Johnstone Stoney named these atoms " electrons "—a name

which has lately become very familiar.

Now, since in electrolysis, etc., a definite amount of elec-

tricity is always connected with the liberation of an atom of

any element, and also since the "radio-active" metals break

down ultimately into these electrons, it has appeared natural to

regard the atoms of electricity as the basis of the constitution

of the elements, and here we come to the most modern phase

of that curious ever-present speculation as to a " primary form

of matter ".

Most people at present regard the electron as the funda-

mental "stuff" of which "the world is spun," but views

differ as to how the different atoms are made from the elec-

trons, and of course there is absolutely no experimental evid-

ence to show. From time to time, suggestions are offered

;

in 1908 Jessup showed how by addition of groups of electrons

to four " protons " or fundamental elements, all the elements

in the periodic table could be accounted for, either by building

up or by " degradation " of atoms already so formed ; in 1909

Egerton put forward the most accurate method of "calcula-

tion " of atomic weights yet devised, based on the fundamental

assumption of electrons and accurate in most cases to the

second decimal place when compared with the best experi-

mental values (his work only applied, however, to the twenty-

eight lightest elements, and has been disputed, moreover, by

Moir on the ground that the agreements found are due to

mathematical necessity).

Chemists have, therefore, made fair progress of late years

towards deciding the vexed question of the " unity of matter,"

but there is still much to be done. The outstanding points

of their work in this direction have now been briefly mentioned,

and we must leave the story as it is—unfinished.



CHAPTER IV

INORGANIC COMPOUNDS AND THE LAWS OF
CHEMICAL COMBINATION

§ T. Chemical AfiSnity and the Manner of Chemical

Combination—The German alchemist, Albertus Magnus,

seems to have first suggested the name " affinity " to express

the force which leads certain chemical bodies to react with

certain others. Ideas as to the nature of the force were in those

times prolific and fanciful ; Glauber believed the different sub-

stances to "love" or "hate" each other, others thought that

combination was effected by hooks or pointed prongs on the

ultimate particles of matter. Some thought that similar bodies,

others that dissimilar bodies, exerted most mutual attraction.

The first scientific treatment of the problem occurred when

Geoffroy in 1718 tried to construct " affinity-tables," consisting

of lists of substances (acids and bases), in order of increasing or

decreasing affinity with respect to a fixed base or acid. How-

ever, in the phlogistic era little progress was made, because the

most important factor—mass—was left out of consideration

altogether.

In 1775 Bergmann practically stated that mass made no

difference at all, for he said that if, in the case of a substance

YZ, the part Y had more affinity for another part X than for

Z, then, if X be present, it would become entirely united to

Y at the expense of Z, by virtue of its greater affinity. On
the other hand, Wenzel in 1777 discovered the "law of mass-

action " (which did not reappear till nearly a century later) by

45
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urging that the " amount of chemical action is proportional to

the concentration of the acting substance ".

About 1 80 1, Count Berthollet declared that the predominant

factor in chemical union was the relative masses of the sub-

stances concerned and not their affinity ; this was of course the

diametrical opposite of Bergmann's views, and was based on his

conception (and men like Buffon, Newton, and other philo-

sophers, had held the same idea) that the force determining

chemical action was identical with gravity. He, therefore, sup-

posed that this, like gravity, was dependent on the masses of the

reacting compounds, but pushed his views too far by imagining

that any (and not definitely " equivalent ") masses of two sub-

stances could unite to form a third. In the ensuing six years

Proust contested his view, and proved by experimental work on

the basic carbonates of copper, the two oxides of tin, the two

sulphides of iron, and other compounds, that Berthollet was

wrong, that combination only took place in constant unvarying

proportions, and that if two elements united to form more than

one compound, the composition varied by leaps from one pro-

portion to another, and never gradually passed from one to the

other. The excellence of Proust's experimental work forced

Berthollet to admit he was mistaken, and to modify his theory

accordingly. In its modified form, of course, it was correct, for,

as has been increasingly recognized, the mass of the reacting

substances present plays a very important part in determining

the course of a reaction.

Soon after this time the close connexion between electricity

and chemical affinity began to be pointed out by Davy, Berze-

lius, and others, but as this concerns the structure of inorganic

bodies rather than the point we are now studying we will leave

it for a moment.

During the first half of last century the results of numerous

researches tended to support the essential or modified part of

BerthoUet's theory. For example, H. Rose made an extended

examination of the part played by water in various actions
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where, given suitable conditions, it can displace relatively strong

acids (1842); he showed how in some cases (iron, mercury,

etc.) basic salts are formed in presence of excess of water, while

in others (alkaline sulphides) complete hydrolysis may occur.

Somewhat later he discussed the influence of the varying pro-

portions of the reacting compounds in cases of " double decom-

position," and in 1855 Gladstone published important results

dealing with the same class of reactions.

Meanwhile, in 1850, Wilhelmy devised a formula to express

the rate of " inversion " or hydrolysis of cane sugar which is

essentially an enunciation of the modern form of the " law of

mass action ". Further data towards this end were provided by

the elaborate work of Berthelot and Pean de St. Gilles from

1 86 1 to 1863 on esterification ; they showed that, starting with

equimolecular amounts of alcohol and acid, or of the corre-

sponding ester and water, the same mixture of alcohol, acid,

ester, and water will finally be reached, and that the final com-

position of this mixture can be altered according to simple rules

by increasing the acting mass of any of the constituents. On
the other hand, thermo-chemical evidence which, again, helped

to support the law of mass-action, was given by Julius Thomsen
at varying times from 1854 to i868. The most complete state-

ment of the matter is always associated with the names of two

Norwegian investigators, Guldberg and Waage. Supported by

the facts which have just been summarized, and basing their

arguments on Berthollet's proposition that " chemical equili -

brium depends not only upon the affinity, but also essentially

upon the relative masses of the reacting substances " (Nernst,

" Theoretical Chemistry "), they affirmed that in all chemical

actions the amount of action is proportional to the acting mass.

Since we are merely treating the subject historically, it is im-

possible to give the details of their argument, but we may repro-

duce the familiar equation which represents the velocity V with

which a given reaction will proceed :

—
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If substances of concentration c-^c^c^ . . . are reacting to form new

substances of concentration c^V^s • • • > ^^^^

V = hc^c^^ ... - ^^c^cV's • • •

where k, k^ are numerical constants ; thus when equilibrium is attainedy

CiC^Cs . . . = Kc\c^^\ . . .

The treatise "fitudes sur les afifinites chimiques" (1867) in

which these results appeared remained comparatively unnoticed

for some time, and indeed the generalization was subsequently

made by other chemists, but in its most extended form it was

developed, as we have said, by Guldberg and Waage. Van't

Hoff (1877) and Horstmann (1869-77) succeeded in making

approximately the same generalization in perhaps a more

strictly logical or deductive manner from thermo-dynamical

and mathematical considerations.

There have been a number of studies published on the sub-

jects of affinity and mass-action since the law was definitely stated

in 1867 ; these are dealt with in Chapter x.

It will be seen that the terms chemical statics and dynamics

are by no means fanciful, for nowadays the problem of chemical

affinity has been reduced, so to speak, to mathematical equations

and numerical constants, and by such rigid means as these a

knowledge of how the forces producing chemical charge act is

being rapidly gained, but when it is asked what are these forces

and why do they so act, we cannot tell.

Having now outlined the work done on the general question

of the rules of chemical reaction and formation or decomposition

of compounds, we turn to the other aspect of the problem, viz.

how are the various atoms joined, each to the other, in chemical

compounds ? It will be convenient to restrict ourselves for the

time being to inorganic compounds, for the theories of the

structure of organic substances are in a far more advanced state

than those of the former.

§ 2. The Structure of Inorganic Compounds—The

purpose of this book prevents us again from dealing with the

oldest views of structure, and we must confine ourselves to the
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more modern facts and theories, which are certainly no less

interesting.!

As chemists, however, we have to pay attention to present

facts rather than past fancies or future chances. The facts

upon which the structure of compounds depends are primarily

the " laws " of constant and multiple combining proportions.

We will call to mind then, how the former was definitely proved

by Proust in 1801-7 (p. 46), and the latter also foreshadowed

in Proust's work and definitely established by Dalton about

1808 (p. 33). With the united help of these laws and of

Dalton's atomic theory, it seemed so easy to most chemists in

the early decades of last century to devise formulae for all manner

of compounds. And so it was, indeed, very easy ; but whether

the formula bore any relation to the chemical behaviour of the

compound in question was often quite another matter, and in

not a few cases the older formulae absolutely fail to express the

facts at all. In short, the problem of the structure of inorganic

compounds was for a long while thought to be much more simple

than it really is.

The view that there was a mutual connexion between heat,

electricity, and chemical force came to the front about 1800.

Twenty years previously, Galvani had noticed the action of an

electric current on the frog, and Volta had extended the know-

ledge of electricity considerably, had devised his " Pile," and

had suggested that friction of two dissimilar bodies was sufficient

to endow them with electricity of opposite polarity. In 1807,

Davy elaborated this view by holding that the smallest particles

of substances (atoms) become oppositely electrified upon con-

^ There is a curious attraction about the old fanciful notions of many of

the alchemists and phlogistic chemists which seems to make the story of

their work much more interesting to read than that of later and present-

day chemists
;
perhaps the underlying cause is the same as that which

makes a novel appeal to most people more than a history book, or, judging

from current magazines, which renders the possibilities of "radium" or

"electrons" more attractive to the "lay mind" than, shall we say, the

constitution of quinine or the law of mass-action.

4
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tact (the intensity of electrification rising with increase of

temperature), and that chemical combination results from

neutralization of the opposing potentials. The sign of the

potential of the combining elements could be experimentally

determined, electro-positive elements being isolated upon elec-

trolysis at the negative pole, and vice versa.

In 1812, and more fully in 181 9, Berzelius published the

dualistic theory of chemical combination, which resembled

Davy's in some fundamental points, but differed in that it was

more systematically developed. He assumed that every atom

possesses both + ^^ and - "^^ electricity, but in varying amounts.

Thus some elements were positive, others negative, most were

positive with respect to some, and negative with reference to

other elements ; oxygen only was never positive to any element,

and so was held to be purely electro-negative, and for this and

other reasons was adopted by Berzelius as his standard or starting-

point. The elements by combination furnished new bodies in

which again an excess of one or other kind of electricity was

present. Thus basic oxides came from the union of oxygen

and strongly electro-positive elements (metals), and acid oxides

from oxygen and the metalloids. This tended to confirm

Lavoisier's view (p. 26), that all acids contain oxygen. Salts,

and furthermore mixed salts and hydrated salts, were regarded

as the product of union of the already compound bases and

acids, an excess of one or other kind of electricity being always

left over, but in less pronounced quantity than with simpler

substances. This important theory served well to point out the

constitution of the most obvious classes of inorganic compounds,

viz. bases, acids, and salts. Berzelius, however, tried to push

it further and attempted to systematize the organic compounds

then known on the same basis. Until about 1840 his efforts

met with complete approval, and the dualistic theory held

practically universal sway. Soon afterwards it began to de-

cline, chiefly through the influence of the following facts :

—

(i) In 1834 Dumas discovered the phenomena of "substitu-
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tion " in organic chemistry, by which a strongly negative element

(chlorine) replaced electro-positive hydrogen.

(2) In 1839 Daniell showed that in the course of electrolysis

the same amount of electricity will set free a definite amount of

hydrogen on being led successively through water and a solution

of sodium sulphate, but also, in the latter case, will liberate an

equivalent of sodium hydrate, thus doing double as much work

in the second as in the first instance, according to Berzelius'

theory.

(3) The dualistic hypothesis did not precisely explain why

certain acids not containing oxygen (notably HCl) were as

strong or stronger than many oxygen acids, containing the most

electro-negative element of all.

Many objections to the dualistic theory therefore arose

about 1845-50, and, as usual, the reaction carried opinion to

the other extreme, and it was sought to regard inorganic com-

pounds as simply composed of the different " units " of atoms,

in a similar manner to the way in which the structure of organic

substances was beginning to be regarded at that time. The
French chemists, especially Dumas and Wurtz, took the most

prominent part in developing the "unitary," as opposed to the

dualistic, idea.

§ 3. Yalency—This word is synonymous with the terms

" replaceable value," " atomicity," " saturation-capacity," and,

like some other terms occurring at different periods of chemical

history, it has tended to become somewhat of a nuisance and to

enforce conceptions entirely beyond its real simple meaning.

It is a name for the " combining worth " of an element, ex-

presses the number of equivalents of a " univalent " element

with which the element in question can unite, and, as E. Meyer

has said, is really nothing more than an expression of the laws

of definite and multiple combining proportions.

In 1834 Dumas showed in connexion with his substitution

researches that one " atom " of chlorine replaced one atom of

hydrogen, but that the latter was replaced by only a " half atom "
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of oxygen. A little later Liebig noted that an antimony atom

can combine with three atoms of hydrogen, whereas the potas-

sium atom is equivalent to only one, and he also developed the

knowledge of polybasic acids, showing that some acids contain

only one and others (e.g. citric acid) more than one replace-

able hydrogen atom. This brings out the idea of the equivalent

as distinct from atom or molecule, and in 1843 Laurent gave

definite expression to the term, and stated that elements could

possess varying equivalents under varying conditions.

The idea of a constant combining worth for each element

was, however, very popular in those days, and Wurtz, for ex-

ample, formulated numbers of inorganic compounds on the

hypothesis that the elemental valencies were always fixed. Such

formulae, which quite failed to represent the chemical behaviour,

and were simply strings of letters, such as HOOOCl for chloric

and HOOOOCl for perchloric acid (to give only one instance),

prevailed in " text-books " for many years, and have not abso-

lutely died out even at the present day. Kolbe wrote in favour

of a "maximum valency " of each element in 1854—indicating

the existence of possible cases where all the " valencies " were

not utilized. At about the same time papers were being pub-

lished on the subject in England by Williamson and by Odling.

Williamson's work was more concerned with the constitution of

organic compounds (cf. chap, vi.), while Odling discussed the

different combining powers of iron and tin, as shown in their

varying oxides, and introduced, by the way, the term " replace-

able value ". His adhesion to the " type " theory of organic com-

pounds, by means of which he tried to classify inorganic acids,

presumably prevented him from arriving at such conclusions as

those deduced by another English chemist, Frankland. It is to

the latter, indeed, that the clearest ideas about valency at this

period are due. This work dates from about 1853 onwards,

and his views were generally accepted by the year i860. He
noted how nitrogen, phosphorus, antimony, and arsenic behaved

sometimes as tervalent and sometimes quinquevalent, and was.
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therefore, led to regard them as analogous ; for similar reasons

he classed carbon, silicon, titanium, and zirconium together, etc.

He did more than any of the contemporary workers to give

a definite meaning to '* valency " or " saturation-capacity," as

he called it : he showed how circumstances influenced the

combining capacity of the elements, so that an element which

under given conditions evinced no tendency to behave otherwise

than, say, tervalent might, in other cases possess another

valency. He argued that such substances would possess a

maximum " saturation-capacity," but that all its possible " valen-

cies " would not invariably come into action. This method of

classifying elements according to similar combining power was,

of course, a step in the direction of the " periodic classification,"

which we have already discussed (p. 38).

On the Continent, on the other hand, events moved some-

what differently. Gerhardt put forward views similar to Frank-

land's as early as 1856, but in i860 Kekule, arguing from the

" organic "point of view, declared for the principle of constant

valency. Blomstrand, Kolbe, and others debated the point

during the next five years, the result being the confirmation of

Frankland's theory. Erlenmeyer, about 1863, made an im-

portant statement, which was in the main the same as Frank-

land's, but extended the latter by the conception that valency

was due to the number of " points of affinity " possessed by

each element. This has had a somewhat unfortunate sequel,

for it is probably the innocent cause of the excessive emphasis

which has so often been laid on the modern " structure-for-

mulae," in which union is depicted by dashes. It is interesting

to speculate how many people have consciously or uncon-

sciously conceived the dashes as an image of the real mode of

union of atoms. The signs mean nothing except that one atom

is " united " with the next

—

how precisely no one knows.

The point as to whether all the affinities of a polyvalent ele-

ment are of equal worth has been pretty thoroughly discussed

since the modern idea of valency took firm hold. The expe ri-
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mental investigation has centred round derivatives of carbon

(Roscoe and Schorlemmer, Henry (1888)), sulphur (Kruger,

Klinger), and nitrogen (hydroxylamine derivatives, etc., by

Losssn, Beckmann),

This simple conception of valency, however, is not enough to

explain many facts which have come to light of late years. These

new points generally concern the structure of organic bodies,

but for the sake of compactness will be presented here. The
reactions of substances written as R . CH = CH . CH = CH . R^

are quite anomalous according to this formula ; on reduction or ad-

dition of halogen they yield R. CHX. CH = CH. CHX. Ri

exclusively, and not R . CHX . CHX . CH = CH .
Ri. In 1899

Thiele suggested that the affinities of elements were not always

completely utilized, that in "unsaturated" compounds, com-

pounds possessing " residual affinity," the carbon must be repre-

sented as possessing " partial valencies," and that a better

method of graphically representing them was

R . CH = CH—CH = CH . R 1.

Assuming that the central " partial valencies " saturated each

other he arrived at the formula

R.CH = CH—CH = CH.Ri-^R.CHX,CH = CH.CHX.Ri.

Again, complex salts of various metals are known which

cannot be readily accounted for by the simple valence theory.

Werner has advanced the view that such compounds (cobaltam-

mines, cobalticyanides, etc. etc.) must be represented by a new

method. Taking a concrete example, the following cobaltam-

mine chlorides are known, the chlorine atoms outside the bracket

being the only ones which become ionized in solution :

[Co(NH3)JCl3,_ [Co(NH3),Cl]Cl2. [CoCl2(NH3)JCl, and,

finally, non-ionized bodies, such as [Co(NH3)3(N02)3]. So

far, as Blomstrand and Jorgensen showed long ago, there is no

need to go beyond ordinary structure formulae^ but some com-
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pounds of the type [Co(NH3)4R.JX each exist in two different

forms, of characteristic colour. Werner attributes this to a

new kind of stereoisomerism of the group within the square

brackets thus :

—

R
NH,

/
/

NH.

and

NH
NH,

NHg—CO—NHj
/
R

This mode of union he calls "co-ordination," to distinguish it

from the usual union, expressed in terms of ordinary " valency ".

Jorgensen, however, disputes the method of representation en-

tirely, and since doubt also exists as to the correctness of some

of the alleged observed facts, the matter must be left at this

point.^

The whole subject of valency is thus still very unsettled ; it

seems of late years as though the solution of the problem will

ultimately be upon an electrical or electronic basis.

In 1904 Abegg put forward the view that each element is

potentially octovalent, the eight valencies being made up of

positive and negative ("normal" and "contra") valencies, as

follows :

—

Periodic Table I. n. III. IV. V. VI. VII.

Group.

Normal . + I + 2 + 3 + 4 - 3 - 2 - I

Contra • - 7 - 6 - 5 - 4 + 5 + 6 + 7

The extent to which the contra-valencies come into play

depends partly on the nature of the atom itself, partly on the

circumstances of its combination. This hypothesis is more or

less a precursor of the purely electronic view.

^ Other views, involving less profound modification of existing ideas

on valency, have been recently put forward by Friend (1908), Sir William

Ramsay (1908), and Miss Baker (1909), in order to explain the structure

of the metallammino derivatives.
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In 1907 Sir J. J. Thomson suggested that elemental valency

depends on the transference of electrons to or from the element

atoms by the action of other element atoms, so that the

" valency lines " really portray tubes of electric force towards

or away from the atom. This view is being extended to the

structure of organic compounds, and it is evident that it marks

an advance upon the older theories, since it is a step in the

direction of a hypothesis which may eventually present an

explanation of all the varied problems of chemical structure

and unite them into one simple theory. At present it appears

difficult to get enough experimental evidence upon which to

base an universal electronic theory of chemical composition.

§ 4. Electro-chemical Theories—It will be best to give

at this point a collected account of the various hypotheses

developed during the last hundred years with reference to

electro-chemical decomposition. The general electrical theories

of Davy (1807) and Berzelius (1812-40) have already received

attention (pp. 49, 50), but the more particular explanation of

the phenomena of electrolysis remains to be dealt with.

The theory which found its way into text-books for many
years was that of Grotthus (1805), according to which the

electrolyte molecules, previously indiscriminately distributed

through the solution, arranged themselves in " chains " through

the liquid under the influence of the electric current, the par-

ticles adjacent to the electrodes then separating, thus :

—

Current

In 1854 Clausius applied the kinetic theory (which he had

recently developed in the case of gases) to electrolysis. He
assumed that the electrolyte molecules were in constant motion

in the solution (a view previously expressed in more general
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terms by Williamson in his work on the ethers ; cf. p. 84), and

that consequently they were momentarily split up into their ions

(to use the convenient modern term). Under ordinary circum-

stances recombination took place at once, but in presence of

a current the ions were separated at the electrodes, a mutual

interchange of component parts ensuing between the dissolved

molecules between the electrodes. The objection to both

theories is that each presupposes a certain minimum electric

force to be necessary for electrolysis, whereas the smallest

current will effect electrolytic decomposition.

The next great advance was the "ionic theory " of electro-

lysis, established by Arrhenius in 1887, and foreshadowed as

early as 1833 by Faraday. The latter scientist outlined the

two chief " laws " of electrolysis (the amount of chemical

action is proportional to the amount of electricity, and chemic-

ally equivalent quantities of all ions are set free by the same

quantity of current), introduced the terms "ion," "anion,"

" cation," and was convinced that " the power which governs

electro-chemical decomposition and ordinary chemical attrac-

tions is the same," and that the force acting upon the ions

was "either superadded to or giving direction to the ordinary

chemical affinity ".

Arrhenius supposed that all electrolytes (according as they

are "good" or "bad " conductors) are more or less dissociated

in solution into ions carrying charges of "positive" or "nega-

tive " electricity in proportion to their " valency ". The electric

current simply acts as a directing force, causing the ions to

migrate to either electrode and then to deposit their electric

charges, after which they reappear as the usual chemical

elements or groups, and may be then set free as such, or

undergo further chemical decomposition with the electrode or

the solution. This view found great support from other physico-

chemical evidence, notably when Ostwald showed, by widely

extended instances, that the electrical conductivity or affinity

coefficient of acids and bases gave exactly the same order of
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strength as that determined by a variety of physical and

chemical methods (cf. p. 177).

Another modern theory of electrolysis, the " hydrate

"

theory, must also be mentioned, but this is not apparently

destined to have a great influence on chemical theory.

The latest advances deal with the extension of the ionic

theory, owing to the conception of the materialistic nature of

electricity. When "negative " electricity was first shown to be

material, it was naturally anticipated that there would be a

corresponding " positive " electricity as well, but later work

points to the conclusion that there is only one kind of elec-

tricity
—

" negative electricity," or, using modern terminology,

electrons. Consequently a certain amount of readjustment of

the theories of electrolysis has become necessary, and this has

lately been effected, notably by Ramsay (Presidential Addresses

to the Chemical Society, 1908-9). It is suggested that the

elementary atoms are combined with electrons in two ways

—

with " active " and with " latent " electrons. The number of

latent electrons depends on the maximum valency of the ele-

ment and the particular valency displayed in a given instance,

while the active electrons are the cause of the displayed

valency.

Suggestions of a somewhat similar kind have also been made
recently by Kauffmann, Stark and other chemists. Stark's

view of the process involves the assumption that neutral water

molecules are added to the ions, and thus accounts for the

phenomena of hydration of the ions.



CHAPTER V

NOTES ON THE HISTORY OF THE ELEMENTS
AND THEIR CHIEF COMPOUNDS

Having discussed the general development of our views relating

to the nature of elements and the manner of their chemical

combination, we must devote a few pages to a description of

the chief inorganic substances. In some cases there are in-

teresting points connected with the discovery of an element or

the production of a new compound, but as a rule the discovery

of a particular substance is of very minor importance when com-

pared with the principles governing the work in question or

with the systematization of a class of compounds or of chemical

reactions. We shall accordingly pay greater attention to the

latter two lines of research, giving at the same time incidental

prominence to the history of individual substances. The con-

fusion, prior to about 1790, between elements and compounds

has been previously mentioned, so that it will be readily under-

stood that although numerous inorganic or mineral substances

were known long before that date, their systematic history only

commences with Lavoisier, who classified mineral bodies into

acidic and basic oxides, salts and elements. We will review

them in this order, adding further sections upon the develop-

ment of mineralogy, and the comparatively recent advances in

radio-activity and the knowledge of the metals of the "rare

earths ".

§ I. Acidic Oxides—When Lavoisier overthrew the phlo-

giston theory he established in its place a system in which

§9
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oxygen played much the same part as the hypothetical " phlo-

giston " in the preceding era—oxygen was the central point of

his chemical system, since it united with every element known

to him. Referring to his system of nomenclature (p. 30), we

see that he called the compounds of the metals with oxygen,

oxides or bases, while those of oxygen and the metalloids

(" non-metals ") were termed acids. He held oxygen to be an

essential constituent of all acids, and gave it its name (acid

producer) accordingly. Berzelius modified these views by as-

suming that oxygen was the most electro-negative element, all

others being electro-positive with respect to it. The acidic or

basic properties of the oxides, therefore, depended upon the

excess of negative electricity possessed by the oxygen or of

positive electricity possessed by the combining element; this

view again required the presence of oxygen in all acids.

The halogen acids, such as hydrochloric (muriatic) were sup-

posed to be compounds of hydrogen and a halogen ; the

latter substances were assumed to be oxides of hypothetical

elements. However, since the halogens had never been split

up into simpler substances, they were, according to Lavoisier's

definition of an element, elements, and efforts were soon made
in the case of chlorine to decide whether it was really a com-

pound. About 18 10 Gay-Lussac and Thenard, in France,

and Davy in England, made attempts to decompose that gas in

various ways, but without any success, and Davy decided that

it was an element, and gave it its present name in distinction to

Berthollet's misleading title of " oxymuriatic acid ". He pointed

out that in the following three reactions it behaved exactly like

an elementary substance :

—

,

I vol. Hydrogen + i vol. Chlorine —$> 2 vols. Hydrochloric Acid.

I vol. Hydrochloric Acid + Sodium -> Common Salt + J vol. Hydrogen.

Sodium + Chlorine —> Common Salt.

Gay-Lussac and Thenard also adopted this opinion, but

Berzelius held out against it for a long while. It naturally
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spoiled the oxygen-acid theory; it helped to overthrow the

dualistic hypothesis.

Davy himself, as a matter of fact, stated that hydrogen

and not oxygen was the essential constituent of acids, since

anhydrides (e.g. iodic anhydride) were not acid except in

presence of water.

The next notable point in the history of acids came several

decades later, and consisted of Graham and Liebig's work

(already referred to, p. 52). Graham showed that phosphoric

and arsenic acids each exist in three forms, according to

whether one, two, or three molecules of water were combined

with one molecule of the acid anhydride. Liebig proved a

similar fact a little later, when he showed that many organic

acids (citric, cyanuric etc.), were polybasic. In this case the

dualistic explanation, based on the addition of fresh molecules

of water, was cumbrous, and Liebig soon saw that a clearer

view was obtained by the hydrogen-acid theory, the polybasi-

city being explained by the presence of more than one re-

placeable hydrogen atom. This was really the first contribution

to the modern theory of valency.

After the general adoption of the hydrogen-acid theory

(about 1855) there is little to be recorded in the development

of views in this direction, except that Arrhenius' ionic theory

extends the conception still further by suggesting that the

characteristic properties of acids are due, not to elementary but

to ionic hydrogen, H^^. At the present day the most general

definition of an acid is a substance containing hydrogen re-

placeable by metals, an expression which includes many organic

bodies (e.g. phthalimide | 1^ /NH, malonic ester

CH2(COOC2H5)^, etc.), and also such metallic hydroxides as

A1(0H)3, Zn(0H)2, etc., which form sodium salts in presence

of alkali.

The following acids deserve special attention :

—
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Sulphurous.—Properties of burning sulphur known to Homer and Pliny

;

SO3 isolated by Priestley.

Sulphuric.—Known to Geber
;
preparation from iron vitriol described by

Basil Valentine.

Nitric.—Known to Geber ; method of preparation by Basil Valentine

;

constitution due to Cavendish.

Carbonic.—Known as a distinct gas to Paracelsus and v. Helmont ; con-

stitution due to Black and Priestley.

Muriatic.—Known to Basil Valentine {spiritus salis)
;
preparation from

salt and vitriol by Glauber.

Aqua regia.—Known as a mixture of aqua fortis and spiritus salis to

Basil Valentine.

Phosphoric.—Discovered by Boyle (1693) ; investigated by Marggraf,

Scheele, Gahn.
Boric.—First prepared and its salts characterised by Homberg (1702).

Hydrofluoric.—Used for etching glass by Schunhardt (seventeenth cen-

tury), but without knowing its constitution ; worked out by Gay-

Lussac and Thenard, Berzelius, Ampere ; first prepared pure in i86g

by Fremy.

The acids and anhydrides of chlorine (HCIO, HCIO-, HCIO4) were

investigated by Davy, Balard, Roscoe and others during the first half of

last century, but it is comparatively recently that their constitution and

that of other halogen oxy-acids has been systematically explained by the

progressive increase in valency (from one to seven) of the halogen.

The majority of the more complicated inorganic acids {ferrocyanic,

sulphocyanic, polythionic, etc.) have only been studied within the past

century. Gay-Lussac and Davy were among the first workers in this

field ; Balard, Liebig, Wohler, and Roscoe are other prominent names
which must be mentioned. Attention should be paid to the numerous

researches on " per " acids (cf. p. 72) carried out during the last few

decades.

-^ § 2. Basic Oxides and Metallic Salts—The knowledge

of metallic oxides has for the most part grown parallel with that

of the acids ; the characteristic properties of alkalies (the

stronger bases) were known to the 'earliest alchemists, while

Lavoisier defined bases as the oxides of the metals, and Berzelius

assumed them to be substances in which the electro-positive

strength of the metal overcame the electro-negative force

exerted by the oxygen. The possibility of polyacid bases fol-

lowed as soon as the doctrine of polybasic acids was established
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by Graham and Liebig, while finally, with the advent of the

ionic theory, the characteristic reactions of bases were seen to

depend on the presence in solutions thereof of the hydroxyl

ion OH"". The term " base " extends of course to-day to all

substances capable of possessing such an ionizable hydroxyl

group, for instance, ammonium hydroxide NH^OH, pyridinium

HC
I

CH
C5H5NH. OH, sulphonium hydroxides RgSCOH), II

-O-
I

HC
I

CH
\c/

phosphines R3P, pyrones and so on.

Curiously enough, the modern view of a salt was practically

arrived at during the phlogistic period through the work of

Rouelle and Richter. Rouelle (1744) defined salts (neutral,

acidic, and basic) as the substances formed by the union of an

acid and an alkali, and Richter (1791) discovered the laws

governing the neutralization of acids and bases (cf. p. 32). It

was therefore simply necessary for Lavoisier to adjust the terms to

his new oxygen theory, and to point out that in his system salts

were ternary and not binary compounds like the acidic and

basic oxides. Berzelius also explained salt-formation as the

result of the union of electro-positive and -negative oxides,

pointing out the apparent confirmation of his theory in the

electrolytic resolution of salts (such as sodium sulphate) into

acid and alkali. He tried to account for double salt formation

and the existence of water of crystallization by the assumption

that even in salts there remained a slight excess of one or other

kind of electric polarity. The final modern view of salt for-

mation may be illustrated by the typical ionic equation :

—

R++ OH -
-H H+ + X- = R+ 4- X~ + H3O.

base acid salt

Before glancing at a few bases and salts of historic interest,

we may discuss the relations of the alkaline carbonates to the
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alkalies. This was a source of great misunderstanding to the

alchemists and phlogistonists, many of whom seemed to look

upon the alkaline carbonates as elementary bodies which passed

into the alkalies (alkaline calces), e.g. :

—

Chalk + phlogiston -> lime.

Lime (i.e. chalk + phlogiston) + potassium carbonate -» caustic potash

+ chalk.

The researches of Joseph Black (1755) cleared up the whole

rfiatter, for he showed that :

—

(a) Limestone or chalk lost weight by calcination and yielded a gas

(" fixed air ") identical with van Helmont's " gas sylvestre ".

(b) The " mild alkalies " (alkaline carbonates) could also be made to

yield this gas by the application of acids.

(c) The "mild alkalies" on treatment with lime became "caustic,"

and at the same time chalk was formed in the proportion of

chalk : lime, as had been found in the reverse direction in experi-

ment (a).

These results led him to the modern interpretation of the

relations subsisting between lime and chalk, magnesia, and

magnesium carbonate, and the "caustic" and "mild" alkalies.

The following description of the discovery of the more no-

table metallic oxides and salts may, although not exhaustive, be

of interest :

—

The Ancients were acquainted with soda and potash, lime and magnesia,

and the corresponding carbonates
; ;with rock salt, saltpetre, copper,

vitriol, alum, cassiterite (SnOg) and others of the more plentifully occurring

minerals. Naturally, however, there was little or no distinction drawn

between closely allied bodies such as soda and potash or limestone and

magnesite ; magnesia, alum, and lime were not definitely distinguished by

the alchemists or iatro-chemists, and it was not until Scheele's time that

baryta ceased to be regarded as a casual variety of lime.

As might be expected from the development of experimental research

during the alchemical era, a great many artificial preparations, as well as

numerous naturally occurring compounds, were discovered by the metal-

transmuters and their successors, the iatro-chemists. To the first alchemical

period belong the discoveries of ammonium chloride (salmiac, Geber),

carbonates (firom urine ; and, by Basil Valentine, from salmiac and potashes).
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copper oxides, acetate (verdigris), and sulphate (preparations by van

Helmont and Glauber), silver nitrate (lunar caustic), gold chloride (from

aqua regia and gold) ; of calcium sulphate (gypsum, etc.), mercuric oxide

(Geber), mercurous chloride (calomel, Geber, improved later by Croll), cor-

rosive sublimate (Geber) ; of the various alums (Basil Valentine ; all these

were much confused with each other and with iron vitriol, FeS04), lead

oxides (litharge and minium), sulphide, and carbonate (white lead, with

which various salts of zinc were confounded). The oxides and acids of

arsenic were known to Geber and Albertus Magnus, and Basil Valentine

investigated numerous compounds of antimony and of iron.

The iatro-chemists were responsible for the investigation of sodium

sulphate {sal mirabilis, Glauber, 1658); zinc oxide (Libavius), chloride

(as an oil, Glauber), sulphide (Agricola) and sulphate (vitriol), distinguish-

ing these from the similar lead compounds; mercuric sulphate (turpeth,

Paracelsus) ; stannic chloride (spiritus fumans Libavii, Libavius), lead and

ferric chlorides (Glauber), and the lead acetates (Libavius).

During the phlogistic period a considerable amount of the confusion

between similar compounds such as potassium and sodium sulphates or

lime, magnesia, baryta and alum was removed, and a clearer knowledge

of the following amongst many other substances resulted ; the sulphates

of potassium, magnesium (Crew, 1695), aluminium and iron ; calcium

chloride and nitrate ; strontium carbonate (strontianite, Crawford, 1790)

;

the various oxides of manganese (Scheele, and much later, in the

nineteenth century, Liebig and Wohler, Mitscherlich and Franke) and of

iron (Proust, and comparatively recently, Fremy on ferrates).

We thus arrive at the modern epoch of inorganic chemistry, in which

a most prominent part was played by Berzelius and his students. These

very thoroughly investigated, from about 1820 onwards, the compounds

of titanium, zirconium, thorium, chromium, molybdenum, tungsten,

uranium, and other then recently discovered metals ; Roscoe also added

to the knowledge of the halides of tungsten, while its complex oxy-acids

received attention from Margueritte, Marignac and others. We may
also mention, amongst a mass of other work, the researches on copper

sub-oxides (Rose and Thdnard), on silver sub- and per-oxides (Wohler),

and on the complex ammonia-metallic salts of cobalt (Rose, Fremy,

Jorgensen, and latterly Werner), chromium (Christensen, Pfeiffer),

rhodium (Jorgensen), iridium (Leidie) and platinum (Magnus, Jorgensen).

§ 3. Mineralogy—Our historical survey of inorganic com-

pounds would be incomplete without reference to the study of

naturally occurring bodies as distinct from those manufactured

in the laboratory. Of course in olden times the overwhelming

5
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bulk of substances known were minerals (limestone, marble,

rock salt, etc.), since experiment played such a minor part in

the chemistry of the ancients. Various ores and precious stones

became known as time went on, and when, at the close of

the phlogiston era, the importance of gravimetric analysis was

realized, several chemists of note found scope for their energies

in laborious but necessary analyses of the minerals then known.

Bergman, Scheele, Klaproth, Fourcroy, and Vauquelin gave

especial assistance in this field, their researches showing that

minerals obeyed the same laws of constant and multiple propor-

tions as synthetic compounds. At this time, too, efforts were

made to classify minerals, but chiefly according to their physical

properties, their chemical relations being almost neglected. The

most noteworthy of these earlier mineral systems were those due

to Werner and to Hauy of Paris, towards the end of the eigh-

teenth century. The latter based his classification chiefly on

similarity in crystal form (cf. " Crystallography," chap. x.).

Bergman, on the other hand, emphasized the importance of

the chemical composition of minerals, although in his day so

little was known of this side of the question.

The most thorough classification of minerals, however, was

due to Berzelius, who in 1812 showed that their composition

was in entire agreement with Dalton's atomic theory, and that

they were inorganic compounds of exactly the same order as

any prepared in the laboratory. In 1824 he produced a mineral

system, based on the dualistic hypothesis, dividing minerals into

non-oxidized and oxidized compounds. Although various modi-

fied classifications have since appeared from time to time, these

present no fundamental difference from that of Berzelius.

The nomenclature of minerals has never been properly sys-

tematized, for they are still named according to individual

peculiarity, or to the locality where first found, or in order to

perpetuate the names of their discoverer or his friends, but

rarely so as to show somewhat of their chemical composition.

During the past 100 years mineralogy has been characterized
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by attempts to synthesize minerals (a kind of chemical geology)

and by the systematic investigation of newly discovered ones.

Amongst the synthetic efforts must be mentioned the con-

version of chalk to marble (Hall, 1 801), the artificial preparation

of arragonite (G. Rose), Bunsen's researches on the geysers of

Iceland, Van't Hoffs studies with reference to ocean deposits,

and, finally, the comprehensive work of a school of French

chemists, represented by Senarmont, Levy, Friedel, Berthelot,

and Moissan. These have reproduced in the laboratory the

formation of quartz, etc., by slow double decomposition in

solution ; the slow crystallization of dilute solutions (gypsum,

etc.) ; the action of water under high pressure at varying tem-

peratures ; and the formation of minerals in the interior of the

earth or in prehistoric times by the action of intense heat, with

or without an accompanying enormous pressure (Berthelot,

Moissan) ; the preparation of carbides, nitrides, etc., in the

electric furnace, the interchange of allotropic forms of the

elements (e.g. production of small diamonds, etc. etc.).

New minerals have been found both as the result of geo-

graphical exploration and of more thorough examination of

previously known deposits. Examples in the first category may
be taken from the discovery of platinum and allied ores in

South America, of new ores (along with tin and other known

metals) in Borneo, of gold in various continents (Africa, Aus-

tralasia, North America), and (recently) of numerous rich de-

posits of silver, cobalt, and many other metals in Northern

Canada.

Berzelius and his co-workers discovered many ores containing

chromium, molybdenum, vanadium, and allied metals ; Mosander

in 1 84 1, and many workers since, have investigated the ores of

yttria, gadolinite, etc., occurring chiefly in Scandinavia and

Greenland. About fifty years ago the deposits of soluble salts

at Stassfurt (near Magdeburg) were discovered, and have been

extensively utilized in many ways (manures, preparation of

magnesium, potassium, etc.) ; they consist mainly of chlorides
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and sulphates of potassium, magnesium, sodium, and calcium.

Of late years a notable class of minerals has been studied, viz.

those containing occluded gases, usually hydrogen, nitrogen,

carbon dioxide, helium, and sometimes argon and neon(cleveite,

malacone, ^adolinite, etc.). The chemical examination of

meteorites must not be forgotten, since this has confirmed the

spectroscopic evidence that extra-terrestrial bodies are for the

most part made up of the same elements as our own planet

(Wohler, Wolcott Gibbs).

§ 4. The Chemical ^Elements—The preceding paragraphs

will have shown clearly that in the majority of cases the dis-

covery of an element was long preceded by a knowledge of its

compounds, and that, further, the presence of a previously

overlooked element has often been realized a considerable time

before chemical methods were sufficiently advanced for its

isolation (e.g. sodium, calcium, lithium, vanadium, fluorine,

etc.). On pp. 69, 70, we give a table of the elements (grouped

according to the periodic system) showing the circumstances

of their discovery, and, when not isolated by their discoverer, of

their isolation.

A few isolated points in the history of inorganic compounds

remain to be dealt with. The existence of different forms of

the same substance (e.g. charcoal, graphite, diamond) has been

investigated by imany workers since Berzelius characterized

such phenomena as a particular form of isomerism. The term

"allotropy" was introduced about 1841. It has latterly been

realized that such inorganic isomers are probably caused by

polymerism (difference in molecular weight) or polymorphism

(difference in crystalline form, probably due to difference in

molecular structure). Besides oxygen and ozone (Schonbein,

1840), the following cases of elementary allotropy have been

studied : sulphur (Mitscherlich, 1852), selenium (Berzelius, 181 7;

Hittorff, 185 1), boron and silicon (Wohler), tin (Rammelsberg,

1880). There are probably more cases of allotropy in the

realm of compounds than of elements, but comparatively few of



NOTES ON THE HISTORY OF ELEMENTS 69

3 rt
-^ rt -C

CQQ

o
CX5

5 2 t^ PQ^

.-•o o en

s -I « a^ o c

o S

> " rt rt

00 00N O
00 00

3 J;

^ I

(u n
-o-o o

Q ^
00 t^
O CI
CO GO

o
9

m * 00

00 CO 00

-. ^

S K^

00 00

•a S
S o

r TO ;;= eO 2* •—

0^ t^

c

vis
^

O lU

rt C

O X:;^ > D 1) ^

Ji ca ij :::

oDc/3 olz;

r>. vo

9"" 5

i:S.-S-.i

.i-s|r

o O

O 1-on

.So

rt jj "^ S

w 0,1

^^ o 2 2''S iO 3 bfl cu Cu N o
2'^ "jSi5 S c

Tj- m ro w M o^ moo
in t^ vo vo c^oo o n
t^oo 0000 t^t>.oooo

O ^00 locp ^ p vp p J^

r* iooirof>.t^bt^r^ <y>

Oi 00 fnvo O 0^ -^t-oo fo

M CTi «5 p

N vO H O
H N

10 N O
H vo <S ^ P .

db b b N IN 00
Th CTi 1*- "^

"'

MM

m
M

§ S fi

III
!i P

'E
rium

oriu rbon

c

oj j: rt —

^

H N U H CA3

e -0

> >



70 A SHORT HISTORY OF CHEMISTRY

'I

•S

•o

Si 2

rt.S X! « 2

t i> QO 00 r^ i^ M o> tN.00 Th in
t>. r>. t>.oo t^ 00 t>» t^oo t^ QO

l-Si "I « ^ '•?.§! 1"^ I gill's ^m i§^:S"i1

VO H O H CT, r^OO 00 00 t^ N N H tJ-vO W
00 0'*o o or^t^o> Moor^^r^ i^Nm
00 OOOOOO VO l^t>it>il^ OOt^t^t^ t^OO 00

0000u-i00nioO\0
^ ?«^ M o inH N

ai na

fej C 1111 fill I III Kill 11 111 Jlllllll



NOTES ON THE HISTORY OF ELEMENTS 71

these (e.g. the iodides and sulphides of mercury) have been

minutely studied.

The hydrides of the elements form an interesting series

;

those of the alkaline and alkaline earth metals are of compara-

tively recent discovery, the rest are mainly non- metallic. The

most noteworthy are those of boron (B3H3, Ramsay and Hat-

field), silicon (SiH^, W5hler, 1857 ; SigHg, Moissan and Smiles,

1902), sulphur (H2S, Rouelle ; H2S2, Scheele), and the nitrogen

group, which merit special attention :

—

>JH3 Ammonia

NHjjOH Hydroxylamine

NH(0H)2 Dioxyammonia
N2H4 Hydrazine

N,H

PH,
P2H4

ASH3
SbHj

Hydrazoic acid, azo-imide

Gaseous phosphoretted hydrogen

Liquid phosphoretted hydrogen

Arsine

Stibine

Compounds known to the ancients

;

gas discovered by Priestley, 1774.

Discovered by Lossen,i865 ; obtained

pure by Lobry de Bruyn and by

Crismer, 1891; sulphonic acids

studied by Lossen, Divers, etc.

In solution only ; Angeli, 1907.

Discovered by Curtius,i887 ; obtained

pure by Lobry de Bruyn, 1896,

Discovered by Curtius, 1890; also

obtained by W. Wislicenus, 1892.

Discovered by Gengembre, 1783.

„ Th^nard, 1845.

,, Scheele.

„ Soubeiran, 1830.

The oxides and oxy-acids of nitrogen, phosphorus and

sulphur are worthy of note :

—

N20 Nitrous oxide Davy, 1800 ('< laughing gas ").

NoOoH. Hyponitrous acid Divers, 1871 ; ThieleandLachmann,

1895 ; Hantzsch, 1896.

NO Nitric oxide Priestley, Dulong, Pdligot.

N2O, Nitrogen trioxide Dulong, 1816; P^ligot, 1841.

NO., „ peroxide Dulong, Gay-Lussac.

N,0, „ pentoxide St. Clare Deville, 1849.

H,PO, Phosphorous acid Lavoisier ; Wurtz, 1849.

H4P0O, Hypophosphorous acid Salts by Dulong, 1816.

SO3 Sulphur trioxide Isolated by Dobereiner.

sp. Sulphur sesquioxide Weber, 1864.
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HaSjOg Thiosulphuric acid

HaS(n)Og Polythionic acids (w = 2 to 5)

Hyposulphurous acid

Salts by Gay-Lussac, 1819 (" hypo-

sulphurous acid ").

Investigated since 1840 by Wacken-
roder, Spring, etc.

H2SO2, Schutzenberger, 1869
;

H2S2O4, Bernthsen, 1900

H4S2O6, Bucherer, 1904.

O3

H202 Hydrogen peroxide

SA Persulphuric anhydride

H2SA Di-persulphuric acid

HaSOg

There are also several substances of interest related to hydro-

gen peroxide :

—

Ozone Discovered by Schdnbein (1840) ; con-

stitution by Marignac, Andrews
and Soret ; much used of late in

organic chemistry as oxidizing

agent.

Discovered by Th^nard (1818) ; an-

hydrous, Wolffenstein (1894).

Isolated by Berthelot, 1878 (SOa+ Og

under silent discharge).

Only known in dilute solution

;

KgSaOg, electrolysis of KHSO4
(Marshall, 1891).

Isolated by H. Caro (1898) ; used by

Baeyer as organic oxidant

;

H4S2O9, Armstrong and Lowry,

1902.

Obtained by electrolysis of MHCO3
(Constan and Hansen, 1897).

H2O2 on chromic acid solution

(Barreswil, 1847 ; Moissan, Ber-

thelot) ; boric, molybdic, tungstic

and uranic acid salts all yield

peracids with H2O2.

Finally, there are a number of halides of the elements whose

discovery presents points of interest :

—

Mono-persulphuric acid

M^aCgOe Percarbonates

KCrOg.HgOa Potassium perchromate

BX3
Six.

Boron halides "i

Silicon halides/

Nitrogen chlorides

Nitrogen iodides

Investigated mainly by Berzelius,

Wohler and Deville.

First studied by Dulong (1812) and
then Gattermann.

,, Gay-Lussac,
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CI3 Phosphorus trichloride

1„ ,, pentachloride

,, oxychloride

,, pentafluoride

CU Arsenic trichloride

6

3C1.

Fn

First studied by Gay-Lussac (1800).

„ Davy (1800).

Wurtz (1847).

Thorpe (1876).

,, Glauber.

§ 5. The Metals of the Rare Earths—There are a

number of rare metals, for the most part occurring together in

a few rare minerals of not very wide distribution (chiefly in

Scandinavia and Canada), and these are characterized by great

similarity in chemical, and in many physical, properties. In

some cases chemical reactions do not suffice to effect their

separation, which can only be accomplished by fractional

crystallization of their salts, the process being controlled by

spectroscopic examination.

The following is a list of these elements, taken from the

International Atomic Weight table for 1909 :

—

Element. At. Wt. Discovery.

Scandium 44-1 1879 Nilson.

Yttrium 89-0 1794 Gadolin.

Lanthanum 139-0 1839 Mosander.

Cerium 140-25 1803 Klaproth.

Praseodymium 140-6 X / 1841 Mosander (Didymium)

Neodymium 1443 J 1 1885 Resolved by Welsbach

Samarium 150-4 1849 Lecoq de Boisbaudran

Europium 152*0 1896 Demar9ay.

Gadolinium 157-3 1889 Lecoq de Boisbaudran

Terbium 159-2 1843 Mosander.

Dysprosium 162-5 1886 Lecoq de Boisbaudran

Erbium 167-4 1843 Mosander.

Thulium 168-5 1877 Cleve ; 1906 Urbain.

Ytterbium 172-0 1878 Marignac.

Lutecium 174-0 1907 Urbain.

As previously remarked, this series is of great theoretical

interest, since, as Crookes has shown (1885-9, etc.), it appears

to comprise a number of elements which are far more intimately

related to each other (" meta-elements," 1889) than is commonly

the case, and may therefore throw some more light on the
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problem of the genesis of the elements. In the meantime it

must be pointed out that scandium, yttrium, lanthanum and

perhaps cerium are the only members of the group which

readily fall into line with the periodic system ; in connexion

with this Benedicks (1904) has suggested that the metals with

atomic weights intermediate between those of barium and tan-

talum be interposed as a kind of transitional series between

these two. It is noteworthy that this scheme tends to consoli-

date the periodic table, leaving only eight vacant spaces.

§ 6. Radio-active Elements—Since the science of radio-

activity came into being search has naturally been made for

the elements which give rise most markedly to the phenomenon,

and at the present time five such elements, all of them of very

high atomic weight, are certainly known, viz. uranium, thorium,

radium, polonium and actinium. In 1896 Becquerel noticed

the radio-activity of uranium^ and six or seven years later

Madame Curie observed that of thoriufn, and also stated that

it was only the product from natural sources (pitch-blende)

which showed very marked activity, the effect being much
stronger than any observed with pure laboratory uranium or

thorium compounds. On the other hand, the latter showed

about one hundred times as much radio-activity as any com-

pound of other elements, and it was held to be doubtful

whether any other element was at all radio-active.

Mme. Curie, therefore, fractionally analyzed pitch-blende in

an attempt to isolate the more radio-active constituents, and

found that the radio-activity became concentrated in the

barium and bismuth groups. She fractionated the chlorides

from the barium precipitates, and finally obtained o-i gm. pure

radium chloride from a ton of pitch-blende. Giesel improved

the method of fractionation by using the bromides instead of

the chlorides, and so obtained 0*25 gm. pure salt from a ton of

mineral. Mme. Curie determined the atomic weight of radium

by precipitating the chloride with silver nitrate, and obtained

the value 225, agreeing with the place assigned to radium in the
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periodic system. Runge and Precht estimated the atomic

weight later as 257*8, from spectroscopic calculations, but

Mme. Curie's value has been confirmed (1908) by Haitinger

and Ulrich, working with larger quantities of radium bromide.

Mme. Curie and Debierne have very recently isolated radium

as a white, easily oxidized metal by electrolysis of the fused

salts, using a mercury cathode.

Mme. Curie next worked up the precipitates of the bismuth

group, and discovered a new element, polonium^ but did not

succeed in isolating a pure salt. Marckwald (1903), however,

prepared the element in a state of purity, but only obtained

4 milligrams from two tons of pitch-blende. Polonium was

found to resemble tellurium.

Finally, Giesel (1902) and Debierne (1903) discovered an

element, similar to thorium or titanium, but more radio-active,

which has been named actinium.



CHAPTER VI

THE HISTORY OF ORGANIC CHEMISTRY

§ I. Organic Chemistry: the Chemistry of Animate
Nature—The knowledge of the laws governing the combina-

tion of the chemical elements and the views held at the present

day with respect to the final constitution of matter have been

mainly derived from inorganic or mineral substances, while the

theories of how the atoms are linked together in a compound

are based upon what has been discovered during the past cen-

tury with reference to organic substances, or, in the nomencla-

ture of Lavoisier's time, bodies of animal or vegetable origin.

Many simple organic compounds had of course been met with

very early in chemical history ; marsh gas was known to van

Helmont, alcohol (or, aqua vitae, as the alchemists thought

best to call it), ether and several of the simpler ethyl esters (e.g.

" sweet spirits of nitre") were prepared and used medicinally

and otherwise much before his time, while quite a number of

organic acids (such as acetic, oxalic, benzoic) were known to the

alchemists or phlogistonists, and to these Scheele added several

more, discovered by him in various plant or animal juices (malic,

citric, oxalic, prussic, tartaric, lactic, uric acids). All organic

compounds known at the beginning of the nineteenth century

were in fact directly obtained from animate nature, and of the

more complicated substances a few sugars and plant bases were

practically all that were known.

Difficulty was found in accommodating the simple dualistic

hypotheses of Lavoisier, Davy, etc., to the cases of such organic

76
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compounds, and many thought that these were part of a distinct

realm of chemical nature, subject to different laws. This and

the source of all the organic substances then known together

led to the idea that such bodies were only formed by the

intervention of a special " vital force ". This view, which was

also suggested by various workers, notably Bergman, in the

previous (phlogistic) period, was rendered untenable when it

was shown that in several instances pairs of substances of the

same empirical composition—one recognized as " inorganic
"

and the other as " organic " (the terms bearing at that time their

literal meaning)—were so closely related that one member

could frequently be changed into the other.

The discovery of isomerism, indeed, marks the commence-

ment of our modern structural chemistry, and at this point the

detailed description of its history must begin.

In 1825 Faraday discovered a hydrocarbon, butylene, of

the same percentage composition as Dalton's olefiant gas, and

shrewdly predicted that more instances of the kind would fol-

low in connexion with carbon compounds. Somewhat earlier

(1823) Liebig and Wohler proved the existence of two isomeric

acids, cyanic and fulminic acids, and in 1828 the latter dis-

covered the famous conversion of ammonium cyanate to urea.

Again, in 1832, Liebig and Mitscherlich showed that Berzelius'

sarcolactic acid from flesh (1807), and Scheele's lactic acid

from sour milk (1780) possessed the same composition, and

at about the same time Berzelius isolated racemic acid, of the

same composition as Scheele's tartaric acid from argol.

In 1831 Berzelius proposed the term "isomerism" and a

year later subdivided it into two new ones, " polymerism " and

" metamerism," which in the course of time became changed

to "polymerism" (substances of the same empirical but dif-

ferent molecular composition), and "isomerism" (different

substances of the same molecular composition).

§ 2. The Earlier Theories of Structure of Organic

Compounds—To understand the transition from this early
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and somewhat chaotic state of affairs to the present tolerably

well-ordered system of organic theory, we have to glance at a

complicated series of hypotheses designed in succession to

explain organic reactions. These may be roughly grouped as

follows :

—

(i) "Radicle" theories.

(2) " Type " theories.

(3) The modern structural theory, which in some measure

combines both the preceding.

Since these temporary hypotheses were devised contem-

poraneously with the various systems of atomic weights des-

cribed in Chapter iii. the formuke used by their authors are very

confusing, and so as far as possible the corresponding modern

formulae are added in brackets in the resume of their work

which follows :

—

(i) "Radicle" Theories.

Lavoisier's extension of his oxygen theory to include organic

acids has already been mentioned ; he seems to regard these

as oxides of "radicles" containing more than one element,

and including in any case carbon and hydrogen. A more

precise view of a " compound radicle " was arrived at by Gay-

Lussac (1815-22) as the result of his work on the cyanogen

compounds, from which it was clear that the cyanogen group

functioned as a " compound element " by forming a whole

series of compounds, such as cyanogen hydride (HCN), chlo-

ride, bromide, iodide, etc. Further support was given to the

view that organic chemistry is the " chemistry of compound ra-

dicles " by Liebig and Wohler's investigation of the " radicle of

benzoic acid" in 1832. They prepared benzoyl hydride (benz-

aldehyde), hydrate (the acid), halides, sulphide, ether and other

compounds, thus showing that "benzoyl" Ci^Hj^Q02(CjllrP)

behaved in analogous fashion to a simple element. Berzelius

strongly supported this firs^ radicle theory^ since it con-
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firmed his own dualistic electrical hypothesis by extending

it to organic substances. Several other radicles were inves-

tigated in succeeding years, notably cinnamyl (1834, Dumas
and Peligot), salicyl (1838, Piria), and cacodyl (1837-43,

Bunsen), and the simple theory of organic radicles was generally

accepted between the years 1837-40.

Other observations of Gay-Lussac (upon the relations be-

tween ethylene, alcohol and ether) led to Dumas and Boullay's

etherin theory. These authors tried to show in 1828 that

ethylene (etherin) performed similar functions to ammonia as a

compound radicle, in order to explain (on a " radicle " basis) the

connexion between alcohol, ether, and allied compounds ; they

pushed the analogy too far, however, by suggesting that ethylene

was essentially a base like ammonia, and this brought more
discredit than was perhaps fair to the original hypothesis, which

looked upon alcohol, ether, and ethyl chloride, for instance, as

the respective hydrate, oxide, and hydro-chloride of etherin.

In 1834 Liebig and Berzelius parted company to a certain

extent with respect to their views on organic structure. Berzelius

was always tied down by his dualistic theory, which he seems

to have placed before all other considerations. He insisted on

regarding all oxygenated compounds as oxides, and so assumed

that ether and alcohol were oxides of two different radicles

(C2H5)2 and CgH^. Liebig on the contrary held that these

were derivatives of the same radicle " ethyl," but ascribed to

" ethyl " double its real molecular weight, whereas Berzelius was

correct in this point, as will be seen from the following table :

—

Modern. Liebig, ^834. Berzelius, 1833.

Icohol CijHgO Ethyl oxide hydrate C^HjoO . HoO (C2Hg)0

ther C^HjoO Ethyl oxide C^U^^O Ethyl sub-oxide (C3H5)30

Finally, in 1838, Liebig tried to modify still further the con-

ception of the structure of alcohol by taking what he called

the " acetyl " radicle C4Hg(CH3C—) as his basis. A little con-

sideration will show how this dehydrogenation of the ethyl
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group permitted of the oxidation products of alcohol, aldehyde,

and acetic acid, being classed as derivatives of the same group

as that present in alcohol and ether.

We ma/ therefore sum up the period of " radicle theories
"

as : (a) a general adherence to the view that organic bodies

are composed of radicles (groups of atoms) which function as

elements and which are in general preserved intact through a

whole series of reactions ;
{d) a series of efforts to bring the

simple compounds such as alcohol, ether, acetic acid and the

like into line with the more distinctive and well-defined radicles

such as benzoyl, cacodyl and cyanogen.

(2) "Type" Theories.

The fact which above all others tended to throw doubt upon

the radicle theories was the substitution of hydrogen by chlor-

ine in organic compounds. This phenomenon, which was

impossible according to the upholders of the dualistic view,

was observed by Gay-Lussac, Liebig and Wohler, Faraday, and

Dumas in the respective cases of hydrocyanic acid, benzaldehyde,

ethylene and alcohol (to chloral), and in 1834 the last-named

worker summed up the facts in his Laws of Substitution (or

metalepsy^ to use his own term). In 1837 Laurent made an

attempt, to some extent temporarily successful, to reconcile the

radicle theories with the new substitution laws by suggesting

that the radicles could be altered to a certain degree by sub-

stitution, but that there always remained a nucleus (of carbon

and hydrogen) which was unalterable.

This satisfied neither Berzelius nor Dumas, although it prob-

ably approaches the modern structure theory more nearly than

the views adopted by either. A few years later, in 1840, Dumas
published a new theory which supplanted the dualistic by a

unitary view, each compound being regarded as a complete

whole in itself, its components being related in analogous

fashion to the worlds of a planetary system. At the same time
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he attempted to classify compounds from their reactions ac-

cording to definite ^'mechanical types'' (a method also suggested

by Regnault), and further asserted that substances closely re-

lated in properties belonged to the same " chemical type,'' gene-

ral structural similarity without necessarily similar properties

being the criterion of inclusion in a given " mechanical type ".

An illustration will make this clearer :

—

Mechanical type (f,'"t°lf^^^«?f9? ^''^ (Acetic acid L4H„H904 I/-,, . ,,
Chloracetic acid C.ClgHA jChemical type.

Thus there was no definite view held with regard to organic

constitution in the beginning of the forties, and as this was also the

period (cf. chap, iii. p. 37) when no fixed rule had been adopted

by which to determine the true relation between atomic weight

and equivalent, there was considerable confusion in almost

every department of chemical theory. The criticisms of two

French chemists, Laurent and Gerhardt, upon this point almost

remind one of the scathing words of Kunkel and Boyle with

reference to the charlatan alchemists.

Laurent in 1843 precisely defined the terms atom, mole-

cule, and equivalent, by means of a more rigid application of

Avogadro's rule than had hitherto been made.

Gerhardt and Laurent together made it their work to develop

the unitary view of organic structure, as opposed to the dualism

of Berzelius and many of the German chemists. A preliminary

to this advance was Gerhardt's " Theory ofResidues^' propounded

in 1839. Any organic reaction which can be represented as a

binary one, e.g.

—

CaH30Cl + NH5=C3H30NH2+HCl,

must, in order to satisfy the observed differences between

ordinary inorganic double decomposition and the reactions of

carbon compounds, be explained theoretically on a different

basis (for the sake of clearness it may be pointed out that in our

time the characteristics of most inorganic double transpositions

6
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are considered to be due to the presence of the reacting sub-

stances in the form of ions, the two classes of reactions being

thus ionic and non-ionic). Gerhardt's explanation was that in

such binary reactions the inorganic parts of the molecules inter-

acted in the ordinary way and the residual (organic) parts then

joined to form the new organic substance. A substance so

formed was called a ^^ copulated'' compound—formed by the

linking together of the two residues. Thus

C2H3OCI (Acetyl chloride) + NH3= HCl + CaH.Oj
(Acetamide).

He next availed himself of the results furnished by Liebig

and Graham respectively on polybasic organic and inorganic

acids, and his efforts to explain these in a similar manner led, in

1844, after Laurent's all-important threefold definition recalled

above, to a much simplified scheme of atomic and molecular

formulae, and especially to the first systematic classification of

organic compounds, carried out jointly by these two workers.

It is interesting to recall that Gerhardt defined organic

chemistry as the " chemistry of the carbon compounds " rather

than of " compound radicles," and that he pointed out the

general recurrence of homologous series (already hinted at by

Schiel (1842) for alcohols and Dumas for acids), and the existence

of isologous series (the corresponding compounds of similar

chemical nature in different homologous series, e.g. alcohol and

phenol, propyl alcohol and the cresols) and of heterologous series

(which are practically the same as Dumas' " mechanical types
"

(loc. cit.)).

The next definite advance was the evolution of four general

types by Gerhardt in 1853, based fundamentally upon

hydrogen tt l, hydrochloric acid ^A, water ttj-O, and

HH]
jj

ammonia H VN. (A fifth type, methane tt

hJ
jj

afterwards added by Kekule.)

-C2(C = 6), was
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The events of the Intervening nine years between 1 844 and

1853 contributed a great deal to this further systematization,

and must be briefly summarized.

In the first place, Kolbe and Frankland engaged upon a

series of researches in order to modify the old Berzelian theory

so as to make it accord with all the new facts then known.

In 1845 Kolbe had prepared trichlormethyl sulphonic acid

CCI3 . SO3H, and the corresponding mono- and di-chloro-acids,

so that a series of sulphonic acids entirely analogous to the fatty

acids from acetic to trichloracetic was formed, and in 1849

Frankland prepared numerous organo-metallic derivatives (from

the metals and alkyl iodides) which (by interaction with water)

readily yielded substances believed at that time to be the

" radicles " themselves ; at the same time these chemists jointly

investigated the saponification of nitriles to fatty acids and the

action of potassium on ethyl cyanide (yielding ethane, but the

product was not recognized owing to some experimental error).

Finally, in 1850 Kolbe electrolyzed the salts of the series of fatty

acids and believed he had isolated the radicles of the acids (in

reality, of course, the products were hydrocarbons formed by

union of two radicles, e.g.

+
CH. . COOK K . ,

*
,.

CH;; . COOK -^ K + 2CO.3 + CgHe'*

They believed they had thus shown :

—

[a) the importance of the alkyl radicles in determining the

character of a compound (e.g. CH3 - , CH.^C1 - , CHCl, -

,

CCI3-).

{l)) the existence of the radicles themselves.

(f) the fatty acids to be "copulated compounds" ^ of oxalic

^ Kolbe and Frankland used " copulated compound " in the sense given

to the term by Berzelius, which differed from that in which it was used by

Gerhardt, for Berzelius apparently simply meant that in a "copulated

compound" a neutral group was joined to an electro-positive or negative

group.
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H2O
acid and the alkyl radicles (since (CN)., >(C00H)2, and

H.p
R.CN s^R.COOH).

Much later, in 1857, Kolbe suggested that carbonic acid

served as the fundamental type of organic acid, showed how

aldehyde, alcohol, and hydrocarbon types could be derived

therefrom, and proved there was some truth in his view by

predicting the existence and properties of formaldehyde and of

secondary and tertiary alcohols, then unknown, but discovered

soon after ; e.g.

•2H0.(CA). Oo ho} • (^aOa). O. H . (C.A). H HO . C^H^, O

Carbonic Acid Formic Acid Formaldehyde MethylalcoJwl

(HO . CO . OH) (H . CO . OH) (H . CO . H) (HO . CH,)

On the other hand, much experimental work was accumulated

during this decade which strengthened the " theory of types ".

The outstanding features are :—

1849 Wurtz. Formation of amine bases from cyanic esters and

ammonia.

1850 Hofmann. Formation of ammonium or aniline bases from

alkyl iodides and ammonia or aniline.

(Cf. 1845, Th^nard's preparation of analogous

phosphine bases.)

1850-52 Williamson. Preparation of ether from ethyl iodide and potas-

sium ethylate.

The last-mentioned was perhaps the most important of all,

for it demonstrated that ether bore the same relation to alcohol

as an alkaline oxide to its hydroxide (a connexion previously

suggested by Laurent in 1846).

Williamson was thereby enabled on a similar basis to explain

the much-discussed mechanism of the preparation of ether from

alcohol and sulphuric acid (previously ascribed by Mitscherlich,

Berzelius, and others, in default of anything better, to " catalytic

action "), and to suggest that alcohols, ethers, acids, and their
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derivatives all belonged to one and the same "water type"

HI
lO. The preparation of acid anhydrides from acid chlorides

and fatty acid sodium salts by Gerhardt, in 1852, came as an

excellent confirmation of this theory.

A little later (1854) Williamson and Kay gave a further

example of the fruitfulness of this " type " hypothesis by syn-

thesizing the first dibasic alcohol—glycol, from ethylene iodide

—

its existence having become probable, since they had recently

prepared orthoformic ester, and Berthelot had just shown gly-

cerol to be tri-basic, these being the first instances oitri-basic

alcohol derivatives known, thus leaving a gap which was filled

by glycol.

In the meantime it had become customary to refer the

ammonium bases of Hofmann and Wurtz to the " ammonia

type," and Williamson suggested that combinations of these,

yielding " mixed types," occurred in the more complicated com-

pounds. It will be noticed that the term " mixed type " is

more or less synonymous with Gerhardt's view of a " copulated

compound ". For example :

—

CHjjCO^Q hIn ^I"HJO H|N
lCH,.CO|o

Acetic Acid Ammonia Amidoacetic Acid

He also extended the idea to inorganic acids and bases,

though not with such great success as on the organic side.

Kekule's first paper in connexion with organic structure (in

1854) dealt with the extension of Gerhardt's simpler types to an

extended series of mixed types.

It will be seen that Gerhardt's generalization was a combina-

tion of those parts of the older radicle and type theories which

had survived the test of application to the numerous new facts

discovered between 1830 and 1850, and, further, that the next

development (the idea of atomicity or valency) was a very gentle

transition from the four main types :

—
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Cl} h}0 lY
It will be useful to give a table of the different advances made

in each of the two kinds of structure theories :

—

Radicle. Type.

1822 "Cyanogen" (Gay-Lussac). 1834 " Laws of Substitution"
1832 " Benzoyl " (Liebig and (Dumas).

Wohler). 1837 Nucleus theory (Laurent).

1832 The older radicle theory 1840 Type theory (Dumas).
(Liebig and Wohler, Ber- 1839 Theory of Residues (Ger-
zelius). hardt).

1828 Etherin theory (Dumas).
1834-8 New radicle theory (ethyl

and acetyl theories, Liebig).

1844 Gerhardt and Laurent's classification.

1848-50 Evolution of ammonia type through Wurtz's and Hofmann's work.
1850-2 Evolution of water type through Williamson's work. j
1853 Gerhardt's general type theory. m
1854-7 Williamson's and Kekule's '* mixed types ". ^

§ 3. Saturation Capacity and the Modern Structure

Theory—Kekule saw that the use of " mixed types," such as

N H
1 TH ro^ implied the presence of polybasic radicles,

and in 1857 was able to give definitions of mono- di- and tri-

basic radicles according to the types in which they occurred.

Several years earlier, however, Frankland reviewed the results

of his work on organo- metallic compounds, and on comparing

these with inorganic compounds of the same metals, it was seen

that each metal possessed a " maximum saturation capacity,"

i.e. could combine with a certain definite maximum number of

monobasic (or to use the clearer term, monatomic) groups, and

no more. This observation led in one direction towards the

periodic classification of the elements, and in another to the

establishment of the valence theory.

These views upon saturation-capacity, or atomicity or com-
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bining power were extended to the case of carbon indepen-

dently, and almost simultaneously, by Couper and Kekul^ in

1858.

Couper showed that carbon possesses four combining units,

and elaborated a system of graphic notation of the chief carbon

compounds, which is practically that in use at the present day,

except that he retained the atomic weight of 8 for oxygen, and,

consequently, all his oxygen atoms are doubled. A couple of

examples will show the similarity of his formulae to ours :

—

Ether ?{^ H.}C. c;;

tartaric acid i

...0 OH

...0 OHCH3 H3C c;

c::
...0 OH
•H
O2

c:: ...0 OH

Kekule's memoir on the subject is on much the same lines,

and, after establishing the quadrivalence of carbon, goes on to

explain the nature of the more complicated organic compounds,

showing how these may be built up of chains of carbon atoms

with the other elements attached to the atomic combining units

remaining free after two had been used up in the union with

neighbouring carbon atoms, e.g. :

—

I i I I I I_c—c—C—C—c—c—
I I I I I I

Thus, in about five years after Gerhardt had united all that

was best in the radicle and type theories, his efforts had led to

the further development which soon ended in the evolution of

our present structural ideas.

It has been said that Couper originated the modern structure

formula in its present form ; Kekule devised a system of graphi-

cally representing the atomicities of the elements by the size of

the symbols, but, like Dalton's system of atom symbols half a
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century before, it was found too cumbrous for daily use. Crum

Brown introduced the method of representing the graphic

formula of a compound, which is next illustrated, in 1865 :

—

@ ® ® ®
I®-©-©-®-©-©-®

'

® ® ® ®
and, by leaving out the circles, Erlenmeyer and Frankland

reduced the notation a year or two later to the form it now

holds.

§ 4. Benzene and the Cyclic Compounds—The reader

will have noticed that the compounds whose constitutions were

gradually defined by the long succession of hypotheses cul-

minating in the Frankland-Couper-Kekule valence theory were

all of the simplest kind—methane, alcohol, citric acid, oxalic

acid, and the like, or, in a word, the " simpler fatty compounds ".

Groups like benzoyl and cinnamyl and the aniline residue were

still written empirically, C7H5O, CgH^O, CgHgN, and so on,

and no further insight was gained into their ultimate composi-

tion. The benzoyl and cinnamyl radicles were among the first

of this class to be discovered, and so, since these were obtained

from various " essential oils," their designation (aromatic) be-

came extended to the whole series of bodies chemically related

to them.

During the ten years 1858-68, also, much progress was made

in extending the classification of fatty compounds and in dis-

covering new compounds and preparative methods based on

applications of the valence theory, while the study of the aromatic

compounds was always hampered by the ignorance of their
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fundamental constitution. It was soon made clear that any

theory which would explain the facts must account for the

comparative richness in carbon of the aromatic series, for the

circumstance that no known aromatic compound contained less

than six carbon atoms, reduction of this number leading to loss

of the characteristic properties displayed by the series, and for

a general resemblance in chemical behaviour running through

the whole series and distinguishing it from the fatty com-

pounds.

The credit of establishing such a theory belongs in this instance

entirely to Kekul6 (the valence theory, it will be recalled, was

divided between Couper and Kekule). In 1867 he stated that

all the observed facts could be satisfactorily explained by as-

suming as the characteristic structure of such compounds a

nucleus of six carbon atoms united in a ring, each atom having

its valencies so disposed as to admit of union with only one

monovalent element or group. Benzene, the simplest member
(discovered by Faraday in 1825), was therefore formulated as :

—

H
I

H_C(6) (2)C—

H

I fl

H—C (5) (3) C—

H

The success of his theory may be best judged by its results :

the state of affairs in 1867 has been so materially altered that

at the present day more aromatic than fatty substances have

probably been synthesized in the laboratory.

The idea of a closed carbon chain was not only applied to

the substances then called aromatic, however, but was very

soon extended to classes containing elements other than carbon.

A commencement was made in 1869, when Korner suggested
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a structure for pyridine on lines analogous to Kekule's benzene

formula :

—

H
I

^^\
H—

C

C—

H

I II

H—C C—

H

Many other ring-systems, both carbocyclic ^ and heterocyclic,

have since been brought into the scheme, and it will probably

be simplest to draw up a series of lists illustrating the chief

applications of Kekule's theory to other ring-systems.

1 The following terms are now used to define the various classes of

organic compounds : aliphatic, derived ultimately from the paraffin hydro-

carbons; aromatic, from the benzene hydrocarbons; carbocyclic (homo-

cyclic), possessing a closed chain of carbon atoms ; heterocyclic, a closed

chain including other elements as well as carbon ; homocatenic, an open

chain of carbon atoms; heterocatenic, an open chain of carbon and other

atoms ; alicyclic, a fully saturated carbon ring-system (polymethylenes).
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(a) Heterocyclic Rings analogous to Benzene.

Proof of Struc- Isolation.

yjH
i86g Korner 1846 Anderson ; inbor

oU.

J 1871 Dewar
1 1878 Grabe

1883 Riedel

1842 Gerhardt ; frc

quinine and cinchor

1871 Grabe and
Caro ; synthesiz

from diphenylamii

1875 Perkin 1875 Perkin's synthes

(Collie, 1899) 1884 Ost.

1 88 1 Merz and 1895 and ff. Occ

Weith in nature as dy
Kostanecki; syntl

1869 Baeyer and 1866 Baeyer ; reducti

Emmerling of indigo.

1873 Grabe 1872 Grabe; in cri

anthracene.
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(</) Reducpjd Carbocyclic Compounds.

The cyclic polymethylenes have been prepared from the second to

the eighth member, interest in this class having been aroused by Baeyer

about 1881. The series is interesting since it forms a kind of intermediate

stage between the paraffins (non-cyclic, saturated) and the aromatic hydro-

carbons (cyclic, unsaturated). Further, it has contributed to our knowledge

of the steric conditions of the carbon atom, for in 1885 Baeyer showed that

according to van 't HofTs theory of the distribution of the four carbon affini-

ties in space (see § 7) the five- and six-membered rings should be formed

most easily and be the most stable, since in these positions the directions

of the valencies suffered least distortion when forming the closed system

(Baeyer's Strain theory).

The parent hydrocarbons were obtained by the following workers :

—

i

CH^x
Dyclo-propane, trimethylene

|
/CHo

CHaX

;;jyclo-butane, tetramethylene
| I

CHg—CH2
CHa

/\
;}yclo-pentane, pentamethylene CH2 CHg

CH,

;^yclo-hexane, hexamethylene [

\/
CH,
/CH2—CHy-

^yclo-heptane, heptamethylene CHg^
\CH2—CH2-

Cyclo-octane) cyclo-octadiene

:yc'o-octane CU^—CH^—CU^—CH^

C1I2—C/Hj—Ori^— v^Hg
/CHg—CHg—CH2—CHo

)yclo-nonane CH2<^
"

!

nCHo—CHq—CHo—CHo

1882 Freund. I
1894 W. H. Perkin, jun.

(only the chloro- oxy- and
amido-tetramethylenes).

1907 Cyclobutane :

Willstatter & Bruce.

1893 J. Wislicenus,

1894 Baeyer.

-CHa
I

1893 Markownikow,
-CH,

1903 Ciamician and Silber.

1907 Willstatter and Vera-

guth.

1907 Zelinsky.

Returning to the discussion of a formula for benzene, upon

which all the other ring-formulae may be said to depend, it will
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be obvious that a considerable amount of laborious confirmatory

work was necessary in order to prove beyond all doubt that

benzene really possessed the structure assigned to it by Kekul^.

This has been conscientiously carried out by a number of

workers at different periods, and its nature will best be grasped

by discussing it in the order of the problems which presented

themselves for solution.

{a) The formula postulates a perfectly symmetrical structure

for benzene.

This, or in other words, the equivalence of the hydrogen atoms in

benzene has been proved by Ladenburg (1874), Wroblewski (1872-8),

and others by replacing all the different hydrogen atoms in turn by the

same group, the same product being invariably obtained.

(d) It demands the presence of a closed chain of carbon

atoms.

The proof of the ring-structure was really completed by W. H. Perkin,

jun. (1891-4) when he synthesized various derivatives of hexahydrobenzene

as well as the hydrocarbon itself, and obtained products identical with

those obtained by reduction of the benzene molecule (Baeyer, 1887-92).

(c) It suggests the existence of one mono-substitution-pro-

duct, three ^ di- and three tri-substitution products of benzene

by one kind of group.

This problem, "orientation," was one of the most troublesome to solve,

and some years elapsed before definite proof was forthcoming that the theory

was here in full accordance with the facts. The main factors contributing

to the final satisfactory proof were as follows :

—

1871. Baeyer showed that phthalic acid (from naphthalene by oxidation)

is ortho-(i, 2)-dicarboxyl-benzene, and that isophthalic acid (from iso-

xylene, produced in turn from mesitylene) is 7neta- (i, 3)-dicarboxyl-benzene,

so that terephalic acid must be the para-{i, 4)-compound.

1874. Korner showed that an or^Ao-di-substitution product should

yield two, a meta- three, and a. para- only one tri-substitution product, and

on this basis determined the orientation ofthe three known dibromobenzenes.

1 Excluding the possible second diortho-substituted substances, referred

to later.
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1872. Griess proved that of the six known diamhio-benzoic acids, two

gave one diamino body, three gave another, and one another. Arguing

conversely to Korner, he arrived at the same conclusion respecting the

orientation of the di-substitution products.

1875. Ladenburg, by a complicated process, gave definite evidence that

mesitylene was i, 3, 5 trimethyjbenzene, thereby confirming Baeyer's de-

ductions regarding isophthalic acid.

These combined proofs put the practical utility of Kekul^'s

theory beyond all doubt, but there has always been one uncer-

tain point with reference to it, namely, the disposal of the fourth

valency of each combination. Kekul^ represented these as

forming three pairs of ethylenic bonds, but the stability and

general chemical behaviour of aromatic derivatives are entirely

opposed to such an accumulation of ordinary fatty " unsaturated

Unkings". Between 1887 and 1892 Baeyer carried out an

enormous series of experiments on the reduction of various car-

boxylic acids of benzene, with a view to clearing up this point,

but, although numerous important observations were made in

various directions, the main object of the inquiry was not attained.

Another line of attack was the physical properties of benzene.

We shall see in Chap. x. (p. 181) how the numerical values of

various physical properties are sometimes adapted for showing

the constitution of a substance. It is possible in this way to

calculate different values for benzene according to different

formulae which it may possess, and to compare these values

with that found for a given property by experiment. This has

been done by Schiff (1883) and Horstmann (1887) with mole-

cular volume, by Briihl (1894) with refractive index, and by

Thomsen (1880), and Stohmann (1893) with reference to heats

of combustion of benzene and various derivatives, but the

results are conflicting and do not all point to the same for-

mula.

A property which seems to shed a little more light on the

problem is the absorption spectrum of benzene, studied by

Baly and Collie, and by Hartley, and referred to again later in

this paragraph.
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Numerous formulae have from time to time been proposed

in order to account for the remaining valencies of the car-

bon atoms. These can be divided into two classes, static and

dynamic^ according as the component atoms are conceived in a

state of rest or motion.

The ^^ diagonal" formula was the first of the

former type, and was suggested by Claus in 1867.

It bears an apparent resemblance to the Arm-

strong-Baeyer '^ centric^' formula (1892), which supposes the

extra valencies to be directed to the centre of the

benzene nucleus, so as mutually to satisfy each

other. (In T869 Ladenburg put forward his

"/m/w" formula, which was later refuted, chiefly owing to

Baeyer's work on the reduced

benzoic acids.)

The Armstrong-Baeyer con-

ception of the benzene molecule

was extended by Bamberger

to numerous six-membered rings, both carbo- and hetero-cyclic.

He succeeded in explaining by its means certain characteristic

reactions of " conjugated aromatic nuclei," such as those in the

napthalene

anthracene and

series.,-,. Q
especially showing why reduction products such as, e.g. :

—

7
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(ar)-tetrahydro-a-naphthol

2 OH

should behave as aromatic substances while those like

CM.

(ac)-tetrahydro-a-naphthol

CH.

CM.

OH

resemble the fatty series more nearly in chemical behaviour.

' No one believes at the present time that the atoms in any

compound are at rest, i.e. always remain in the same relative

positions, and, therefore, it is more interesting to review the

attempts made to account for the constitution of benzene on

dynamical grounds. Kekule himself saw that, in addition to

the questionable existence of " double bonds " in benzene, his

original formula involved the possibility of two ortho-di-substi-

tution products if the substituting groups were not the same.

He, therefore, suggested (in 1872) that the fourth valency

oscillated between the carbon atoms, thus :

—

/\ /\
I

II ^ 11 I

\/ \/
Knorr, in 1894, owing to his experiments on methyl pyrazole

(cf. § 5), assumed that the hydrogen atoms, rather than the

carbon linkings, were in a state of oscillation.^

1 It may be remarked that in a few instances such isomeric diortho

compounds have been obtained, e.g. two o-nitrotoluenes. The differences
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On the other hand, Thiele arrived at quite a different formula

in 1899, based on his theory of "partial valencies" (chap, iv.,

p. 54). Starting from Kekule's formula, he obtained the new
formula for benzene as follows :

—

CH

HC CH
fjt

.1 M
CH

The most comprehensive formula of benzene is that proposed

by Collie in 1897. He assumes that each carbon atom is

vibrating, and that consequently the relative positions of the

atoms are always altering. In this way the molecule passes

and repasses through a series of phases, isolated phases being

represented, as a matter of fact, by formulae such as Kekule's

and the centric arrangement. An interesting point is that in

this system there are seven possible ways of making and break-

ing the " Unkings " of the carbon atoms during a complete

vibration, and these may possibly give rise to the seven " ab-

sorption bands " in the ultra-violet spectrum of benzene. It

should be observed that Collie's formula is steric, i.e. it pictures

other atoms as they are arranged in space, not simply as a plane

projection of the spacial configuration.

Other steric but static benzene formulae (all based upon

van 't Hoff's conception of the carbon atom as acting at the

centre of a regular tetrahedron, with its valencies directed to-

wards the apices) had been previously put forward, notably by

between the two forms are very slight, and lie entirely in physical proper-

ties (Knoevenagel). The phenomenon has been termed " moto-isomer-

ism ".
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Baeyer {1888) and Vaubel (1891), whose attempts, however, do

not satisfactorily account for the phenomena shown on reduc-

tion of the benzene nucleus by hydrogen. Sachse (1890)

represented the most stable and symmetrical grouping of the

atoms by six tetrahedra superposed upon six faces of a regular

octahedron, leaving two parallel faces vacant. Both Thiele

and Briihl supported Sachse's view.

The whole position may be summed up by saying that at

present Collie's formula offers the most satisfactory theoretical

explanation of the variety of experimental data, while for

ordinary practical purposes Kekule's original " hexagon " still

suffices.

§ 5. Dynamic Isomerism—The most interesting develop-

ments of organic theory during recent years have centred round

isomerism of one kind or another, and in the following para-

graphs we shall deal with 'the progress of our knowledge of the

chief kinds of isomerides.

Numerous substances are now known which react under

different conditions as though they possessed different struc-

tural formulae, in other words, as though the same sub-

stance combined in itself the properties of two isomeric

compounds. A notable early example was that of isatin

CO CO

CoH4<^^C . OH (labile) or C6H4<^\cO (stable) (Baeyer,

N NH

1883) ; two years later Laar called attention to other instances

(nitrosophenol, acetoacetic ester, etc.) and suggested for the

phenomenon the name tautomerism.

Isomerism of this type has probably been more discussed

in the case of acetoacetic ester than of any other single

substance. This body was discovered in 1863 by Geuther,

who formulated it as CHg . C(OH) : CH . COOCgHg, while

Frankland believed it to be ketonic, CH3 . CO . CHg . COOCgHg.
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Both the mechanism of its formation and its chemical properties

have furnished difficulties ; the latter tend to show that it reacts

sometimes in the hydroxylic and sometimes in the ketonic

form. As these two forms are characteristic of the tauto-

merism displayed by many compounds, a convenient nomen-

clature was suggested for them by Briihl in 1893, viz. the etiol-

(hydroxylic) and keto- (ketonic) forms.

A historical survey of tautomerism must include an account

of the chief tautomers discovered, of the methods applied in

their investigation, and of the theories put forward to explain the

mechanism of the changes involved.

The chief examples of tautomeric substances so far known

are included in the following summary ; those discovered before

the advent of modern structural views were, needless to say,

only realized to be desmotropic (to use an equivalent term

coined by Jacobson in 1887) at a much later date.

The summary may conveniently be divided into the two main

kinds of tautomers :

—

{a) Substances reacting in two forms, but only isolable in

one.

{b) Substances reacting in two forms, both of which can be

isolated.
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(6)

Tribenzoylmethane

Mesityloxideoxalic ester

Phenylnitromethane

Formylphenylacetic ester

Dibenzoylsuccinic ester

Diacetylsuccinic ester

Benzylidene diacetylacetone

Camphor-quinone phenyl-

hydrazone

Different Forms Isolated.

One enol and one keto

>>

Hydroxylic (acid) and non-

hydroxylic (i//-acid)

One enol and one keto

Various di-keto, keto-enol

and di-enol forms

Various di-keto, keto-enol

and di-enol forms

Various di-keto, keto-enol

and di-enol forms

Normal hydrazone and

oxy-azo forms

Chief Worker.

1893 Claisen.

1896 Claisen.

1896 Hantzsch.

1896 W. Wislicenus.

1895 Knorr.

1896 Knorr.

1899 SchifT.

1899 Betti.

Arguments based upon both chemical and physical properties

have naturally been used in attacking the problem, but the

bulk of those derived from chemical changes have been proved

within the last ten or twenty years to be invalid, since the

different reagents used were shown to have first produced a

particular isomer, which then entered into the reaction. Thus

some reagents furnish the keto-, others the enol-isomer ; some

exert a ketonizmg^ others an enolizi?ig, effect. For this reason,

all acidic or alkaline reagents have been banned, and chemists

have found very few suitable reagents for tautomeric investigation

by chemical means; Schiff (1898) used benzalaniline, which

unites with either enol- or keto-acetoacetic ester, yielding

entirely different products. Phenyl isocyanate has been used to

detect hydroxyl or amino groups in desmotropic compounds, and

sometimes alcoholic ferric chloride will show the presence of an

enol-form without disturbing the constitution of the isomer

(W. Wislicenus, 1896).

Study of the physical properties has naturally often proved

much more successful; differences in the values of different

forms of keto-enol isomers were found by W, H. Perkin, sen.

(1892) for magnetic rotation, Traube (1896) for molecular

volume, and Briihl (1899) for refractive and dispersive power.

Hantzsch traced the change of adds (R.CH:NO.OH)
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to pseudo-acids (R . CH^ . NOg), and of ammonium bases

C«H, CeHg OH

C /^\
C H C rC H to \lf'ammonium bases ^^\ \ /^^x

/ \ I

CHg OH CH3

by electrical conductivity measurements in 1896, and in the

same year Wislicenus followed the keto-^ enol change by a

colorimetric method based upon the intensity of colour furnished

by a standard alcoholic ferric chloride solution. Similarly,

solubility and melting-point curves have been studied by

Lowry (1904), Knorr and others, while Hartley and others have

examined the absorption spectra of tautomeric compounds.

Another property which is especially delicate when it can be

applied is alteration in optical activity or mutarotation^ as Lowry

has termed it ; he has applied the method to the isomerism of

nitro- and bromo-camphor and of a- and y-glucose.

The theories of tautomeric change are chiefly associated with

the names of Butlerow (1877), Laar (1885), Knorr (1894-99),

Lapworth (1902), and Lowry (1904). Laar held the pheno-

menon to be due to the rapid oscillation of particular linkings in

the molecule, his explanation being thus intrainolecular. Knorr,

on the other hand, considered the process to be intermolecular^

molecules of either isomer being present, but continually chang-

ing into the alternate form ; for instance, with methylpyrazole

(1894) obtained from two isomeric phenyl methylpyrazoles :

—

CH3.C N _^ CHg.C NH
II II

^ II
CH — CH CH = CH

In other words, the hydrogen atom oscillates, rather than the

double linkings. In 1899 he stated further that tautomers tend

in general to form an equilibrium (" allelotropic ") mixture of
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constant composition, the examples where only one form is

known being limiting cases of this rule. He had also, four years

earlier, expressed the conviction that the isomerizing effects pro-

duced by different reagents were really due to the action of ions,

and in 1902 Lapworth removed various discrepancies which

occur if ordinary acid or alkaline ions are assumed to produce

the effect by suggesting the changes were essentially caused

only by the action of organic ions.

Lowry in 1904 introduced the term dynamic isomerism to

embrace all the forms of isomerism previously classed as tauto-

merism, desmotropism, etc. He showed that tautomeric changes

could be treated mathematically by the law of mass action, just

like ordinary chemical "reactions of the first order," the

velocity constants for typical cases having been previously

worked out by himself in 1899 (optical activity of camphor

derivatives) and by Kiister (1895). He assumed, too, that the

mechanism of the change was a catalytic action due to the

presence of ions.

Finally, in 1904-5, Baly and Desch put forward an explana-

tion, different from any of the above. Since simple hydroxylic

or ketonic substances show no "absorption band" in the

ultra-violet spectrum, while keto-enolic dynamic isomers

usually possess one, they considered that the alteration

\C = 0-> = C-OH is responsible for the production of the

band, i.e. tautomerism phenomena are due to vibrations in the

molecule caused by the constant structural alteration.

§ 6. Steric Hindrance—A problem not unconnected with

those reviewed in the two preceding sections is that known

latterly as " steric hindrance ". From time to time exceptions

have been found to reactions which generally take a well-defined

course, and in many cases it has seemed probable that the cause

of the anomaly is the near presence of other non-reacting

groups in the molecule which, apparently, protect the reacting

radicle from attack by reason of their bulk. Victor Meyer was
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the main author of this theory of steric hindrance^ which dates

from about 1894. The chief examples noticed previous to his

work are :

—

1872 Hofmann Substituted anilines such as C6(CH3)5NH3, do not

yield quaternary ammonium iodides of the type

R.NR3I.
1883-84 „ The nitrile group of certain highly substituted

benzonitriles could not be saponified in the usual

way.

1891-92 Claus Noticed that the di-ortho-substituted cyanides were

especially hard to saponify, but that the nature

of the substituent also modified the reaction.

1890 Pinner Ortho-substituted cyanides do not readily give imino-

.NH
ethers R . Cr

\OEt
1890 Kehrmann Ortho-substituted quinones do not readily give oximes.

1891 V. Meyer „ „ „ „ hydra

zones.

V. Meyer was thus led to examine the rates of esterification

a long series of substituted benzoic acids, and found that while

the reaction proceeded equally well on the whole when the

silver salt of the acid was heated with ethyl iodide, yet by

the usual hydrochloric acid method very varying results were

obtained. These led to his " Esterification Law ". In the

substituted benzoic acids, the presence in the ortho-position

COOK
Y to the carboxyl group of a radicle of low molecu-

lar weight retards esterification, while groups of

A

higher molecular weight may altogether prevent it.

In 1899 the extension of Meyer's researches to the substituted

fatty acids was undertaken by Sudborough, showing that sub-

stituents in the methylene group next to the carboxyl behave

in the same manner as ortho-substituents in benzoic acid, while

in 1895 ^"d 1897 Meyer and Kellas respectively sho'ved that

those esters which are formed with difficulty are also the hardest
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to hydrolyze, showing clearly the "protecting " influence of the

adjacent radicle.

Other instances of steric hindrance occur in Bischoffs inves-

tigations as to the conditions which influence chain-formation

in the malonic and aceto-acetic ester syntheses (1880-8) ;

Schryver (1899) showed that the sodium salts of ortho- and
para-nitrophenols, and di-ortho-bromophenols do not give

the general reaction with camphoric anhydride, forming aryl

hydrogen camphorates.

The fact that other influences besides the size of the molecule

miy sometimes partially or completely mask the hindering efl'ect

is shown by the rates of reaction of sodium hydrogen sulphite

with various substituted ketones (Stewart, 1905), and by the

sulphination of a series of phenolic ethers ;

—

R . CgH^ . OEt -^ R . C6H,(OEt)(S02H) -> [R . C6H3(OEt)]3SO
->[R.C6H3{OEt)]3S.OH.

The stage to which the latter reaction proceeds is found to

depend upon :

—

(a) The steric hindrance due to the presence of ortho-substi-

tuents.

(d) The directing influence of the alkoxyl (OEt) group

(Smiles and Le Rossignol, 1908).

§ 7. Stereo-isomerism (a) Geometrical Isomerism—
There are two other kinds of isomerism remaining, which have

been explained by considerations of the arrangement of the

groups in space about the central carbon atoms of the organic

molecule. The first which will be discussed is that which

manifests itself most markedly in chemical properties ; the

second, which has been known for a much longer period than

the first, is an isomerism embracing three (or four) isomers in

each instance, which in general differ mainly in their effect upon

polarized light. In either case we must first recapitulate the

viewsj adopted as to the nature of the carbon atom before the

development of the theories of geometrical and optical isomers

can be understood.
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Kekul($'s views of organic structure were based upon the

quadrivalency of carbon ; the disposition of the valencies in

space was not considered. As we have seen, his theories, espe-

cially that dealing with benzenoid compounds, cleared up the

constitution of multitudes of compounds, but still there re-

mained cases of isomers which were unaccounted for, such as

that existing between maleic and fumarie acids or between the

four tartaric acids.

Van 't Hoff set out .in 1874 to try to solve the problem by

obtaining an idea of the arrangement of the groups about a

carbon atom. Starting from the known fact of the equivalence

of the hydrogen atoms in methane he argued that the disposi-

tion of groups must be either :

—

a c

{a) A plane arrangement, such as /^\
b d

{b) A space arrangement whereby the affinities would be

iiicHned equally to one another and directed towards the carbon

atom (the familiar tetrahedron).

H (^l H V\
Since {a) involves isomerism \p/ ^r^

of substances, e.g. jj/ \q Cl^ ^H
such as is contrary to observed fact, the alternative {p) must be

taken.

Le Bel introduced practically the same view of the carbon

atom at the same time, but independently of van 't Hoff.

According to this view the atoms of substances containing an

ethylenic bond would be so arranged in space that the four re-

maining groups would all lie in one plane, and as the double

linking would prevent free rotation of the central carbon atoms,

geometrical isomerism might be expected :

—

a c a d

^C =C/ and yC = C<^ ;

b d b c
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a a a b

V-C^^ and ^C = C<^,etc.

h b b a

During the next ten years J. Wislicenus examined many cases

of such geometrical isomerism in ethylenic compounds and
published his results, " Die raumliche Anordnung der Atome,"
in 1887. The isomers used were maleic and fumaric, crotonic

and iso-crotonic, citraconic and mesaconic, oleic and elaidic

acids, etc., stilbenes (Q^H^ . CH : CH . CgHg), tolanedihalides

(CgH^ . CX : CX . CgH-), and many others.

In 1892 Baeyer introduced convenient terms for the two

kinds of isomers, viz. :

—

a a a c

b c b a
Cis-compou7id. Trans-compotind.

In the preceding years he had prepared a series of similar

isomers in the case of some of his reduced aromatic acids.

The " configuration " (cis- or trans-) of the isomers was

based by J. Wislicenus chiefly on the ability to yield anhydrides

or cyclic compounds, and the formation from the correspond-

ing acetylene derivative in the case of cis-compounds, while

superior stability and characteristic physical properties served

to point out the trans-compounds.

SomS other cases of geometrical isomerism must be briefly

referred to :

—

(a) StereO'isomeric Oximes, ^J > C : N . OH. — In 1883
2

V. Meyer and Goldschmidt obtained two benzildioximes,

CgHg . C( : NOH) . C( : N . OH) . CgHg, and five years later

V. Meyer and Auwers also prepared two benzilmonoximes, a

third dioxime being added in 1889. Their explanation of



no A SHORT HISTORY OF CHEMISTRY

the isomerism was soon seen to be faulty ; meanwhile Beck-

mann had obtained two benzaldoximes, which he formulated as

O
(a) QH^ CH = N . OH and (jS) / \ , a view which

QHs . CH . NH
was speedily disproved by Goldschmidt.

In 1890 Hantzsch and Werner put forward their theory, which

is simply an extension of van 't Hoff's views to the—CH : N

—

system, based on the assumption that the three nitrogen valencies

are directed to the apex of a regular tetrahedron, so that, for

instance, R . CH : N . OH may be spacially represented as :

—

This represents the isomerism as similar

to the . CH : CH . cases, and the chemi-

cal and physical characteristics of the

isomeric oximes quite agree with this view,

while, further, the isomerism appears and

vanishes in accordance with the theory.

In cases where only one oxime is known

it is assumed that one of the radicles

has a pre-eminently strong attraction for the hydroxyl group.

The configuration of these isomers (termed syn- and anfi- by

Hantzsch, previously to Baeyer's as- and frans-) has been

determined by :

—

(i) Ready conversion of one (the sy^i-) form to a nitrile by

loss of HgO.

(ii) The " Beckmann change," which takes place as follows in

presence of PCI, or HCl and HgSO^ :—

a.C.h /a.C.OHx a . CO
-^

I

N.OH \ N.i / NH.fe;

n.C.b /HO.C.b^ CO . b

N.b J

(HO.C.On, uu .

II )
->

I

a.N / NH.rt.HO.N

(iii) Patterson and McMillan (1908) have followed the con-
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version of labile into stable isomeric oximes dissolved in ethyl-

tartrate by means of the varying rotating power of the solvent.

(b) Stereo-isomeric Be7izhydroximic Ethers /C : N . OH.
EtO^

—These, observed by Lossen in 1872, have been explained by

Werner (1892-6) on the Hantzsch-Werner hypothesis.

{c) Stereo-isomeric Hydrazones (H&ntzsch, iSgo) sind osazones

(Anschiitz, 1895) have also been noticed.

(d) Isome?'ic Diazo-compounds.—In 1863 Griess discovered

the diazo-compounds and isolated potassium benzene diazo-

tate, CfjHjNgOK. In 1894 Schraube and Schmidt obtained a

second potassium salt by using different experimental condi-

tions. Hantzsch forthwith assumed the differences to be due to

geometrical isomerism, viz. :

—

CeH^.N CflH^.N

II
and

II

KO.N N.OK.

The previous formulae for diazo-bodies were Kekul^'s azo-

formula, CgH^ .N: N.X (1867), and Blomstrand's diazonium

C H
formula, ^-^^>N • N (1875), ^"^ ^o these two Bamberger

referred the isomeric diazotates. There ensued a protracted

controversy between Hantzsch and Bamberger, in the course

of which other isomeric diazo bodies (diazosulphates and

cyanides) were obtained.

Finally, it was generally admitted that both views were prob-

ably correct ; while the Blomstrand formula probably better

expresses the constitution of the salts of strong acids, the

isomerism of derivatives of weaker acids is to be explained upon

a stereo-chemical basis.

§ 8. Stereo-isomerism : {b) Optical Isomerism—In 18 15

Biot noticed that sugar solutions rotate the plane of polarized

light, a phenomenon previously observed in quartz by Arago

(181 1). In 1819 he showed that a substance which is thus



112 A SHORT HISTORY OF CHEMISTRY

''optically active" in the liquid remains so in the gaseous state.

In 1820 Herschel pointed out that it was enantiomorphous

(quartz) crystals which deviated polarized light, and Pasteur,

thirty years later, found that sodium ammonium tartrate crystals

were also enantiomorphous (i.e. possessed forms which were

mirror images of each other), the two kinds of crystals moreover

yielding respectively dextro- and laevo -tartaric acids. Pasteur

suggested that the mutual cause of the hemihedral crystals and

of the optical activity lay in some asymmetry of the atomic

structure. Finally, in 1873, J. Wislicenus showed that the

isomerism of the lactic acids from flesh and from sour milk

(cf. p. 77) also manifested itself by the optical activity of one

form, and stated that the cause must be connected with the

spacial disposal of the atoms.

Then, in 1874, came the Le Bel-van 't Hoff theory of the

spacial arrangement of atoms, which accounted for the exist-

ence of more than one derivative of substances containing an

" asymmetric carbon atom ".

It may be said that all optically active compounds have been

found to possess asymmetry of this nature, although the

converse is not yet experimentally true in some cases. Such

compounds have been known for so long and are so numerous

that examples are superfluous. The number of isomers of a

compound containing one asymmetric atom is in general three

—a, dextro-, laevo- and racemic isomer ; the two former are alike

in all properties but rotating power, in which they are opposite

;

the latter usually varies somewhat in physical properties from

the optically active compounds. A fourth stereo-isomer of
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tartaric acid, meso-tartaric-acidy was discovered by Pasteur and

explained by van 't Hoff as a compound in which the rotation

of one-half of the molecule was compensated by that of the

other half. The justice of this view was proved in 1892 when
E. Fischer reduced mucic acid C00H[CHpH]4C00H (another

meso compound) to galactonic acid CH20H[CH .OHJ^COOH,
which being no longer an internally-compensated, but rather an

externally-compensated (racemic) molecule, was successfully

split up into active isomers. The meso isomers possess well-

marked physical differences from the other forms.

The correctness of Kekule's benzene theory has often been

tested by attempting to obtain optically active forms of the

benzene molecule. Such experiments (Le Bel, 1882 ; Lewko-

witsch, 1888 ; V. Meyer and Liihn, 1895) have always, by their

failure, afforded good negative proof of Kekule's views.

A curious anomaly found in optical activity is that known as

the Walden inversion ; an active compound usually yields by

chemical change a new active compound of the same general

sign, but Walden (1895) found that^-malic acid yielded /-chloro-

succinic acid with PCI5, while the latter gave /-malic acid or

^-malic acid according as silver or potassium hydroxides were

used to remove the halogen. Other similar instances have

been discovered (Purdie, 1895).

Quantitative TJteories of Optical Activity.—In 1890 the idea

of a fnolecular asymmetry-product, the value of which was con-

ceived possibly to be parallel with the degree of optical activity,

was evolved independently by Crum Brown and by Guye.

Crum Brown assumed that each attached group exercised an

influence Kj, K^, Kg, K^, in the asymmetric carbon atom, the

differences between Kj, Kg, Kg, K^, giving the rotatory power.

Guye's hypothesis is similar, except that he considers the

mass of the groups to be the " influence ". This theory has

proved in accordance with facts in a number of series and at

variance with facts in many others. Groups of equal mass

should destroy activity were mass the only influence, but Guye

8



114 A SHORT HISTORY OF CHEMISTRY

himself, Purdie, Walden and others have shown that compounds

containing two different groups of equal mass are optically

active. It may be remarked that this discrepancy would dis-

appear if the "influences" were assumed to be forces of some

kind between the groups and the asymmetric atoms. All re-

searches carried out on the quantitative nature of optical

activity tend to show it to be, of all physical properties, that

most susceptible to constitutive influences.

{a) Asymmetric Synthesis.—Cohen and Whiteley (1901) made

several unsuccessful attempts to form active acids from active

esters of acids containing no asymmetric atom (e.g. lactic from

pyruvic, etc.) ; more success has been obtained by Marckwald

and McKenzie (1901) and by McKenzie (1904-8), who has ac-

complished asymmetric syntheses of mandelic, lactic, phenyl-

methyl-glycollie and other acids, and of benzoin.

Numerical Relations of Optical Activity.

c {a) Homologous Series.—The work of Tschugaew (1898),

Guye (1895), and others shows that, on ascending the normal

series of aliphatic acids or amines, the molecular rotation of

optically active salts or esters attains an approximately constant

value after the first few members of the series have been passed.

{6) Ring-formation.—It has long been known that anhydrides

or lactones derived from active acids show a great difference in

rotation from the parent substances, and that substances such as

boro-tartrates (1890J, probably possessing a structure such as

1/
O—CH . COOH

HO—B<^ I

show greatly enhanced activity.

^0—CH . COOH,

Haller and Desfontaines (1905) have found the same on for-

mation of active methyl-cyclopentanone derivatives from those

of active /S-methyladipic esters.

{c) Structural and Position-isomerism.—The influence of

constitution is too great to permit of any definite rules being



THE HISTORY OF ORGANIC CHEMISTRY 115

formed with reference to ordinary structure isomers, but the

effect q{ ortlio-, meta- and /^^<«-substitution clearly depends on

the nature of the substituent and the proximity to the unsaturated

group (Tschugaew, 1898; Cohen, 1905).

{d) Unsaturation exerts an increasing effect on optical activity

(Walden, 1896; Klages and Sautter, 1904), the effect being

very much more marked when two unsaturated groups (a

" conjugated " system) occur together (Haller, 1899; Hilditch,

1909).

{e) Activity of Electrolytes.—Landolt (1873) and Oudemans

(1879) found that aqueous solutions of mineral salts of active

acids or bases possess, when sufHciently dilute, the same mole-

cular rotation, a result which, as Hadrich (1893) pointed out,

follows from the ionic theory, the constant value being the

rotation of the optically-active ion concerned.

(/) The phenomenon of Muta-rotation has been known for

many years as regards the sugars ; it has already been referred

to (§ 7).

{£) The Influe7ice of Solvents on optical activity has been

very thoroughly examined by Patterson (1900 and onwards).

Otiier Eletnents Obtaimd in tJie Optically-active State.—Un-

successful attempts have been made to resolve asymmetric

derivatives of quinquevalent phosphorus (Michaelis, 1901) and

arsenic (Michaelis, 1902), and of tervalent iodine (Kipping and

Peters, 1900). The following elements have been obtained in

optically-active forms :

—

{a) Nitrogen.—Le Bel (1891) partially resolved r-methyl-

ethylpropylisobutyl-ammonium chloride biochemically; Pope

and Peachey (1899) succeeded with r-a-phenylbenzylallylmethyl-

ammonium iodide.^

1 The quinquevalent nitrogen atom has been conceived as acting (i) at

the centre of a cube, with valencies directed to 5 of the angles (van 't

HofT, 1878) ;
(ii) at the centre of two superposed tetrahedra (Willgerodt,

1890) ;
(iii) at the centre of a tetragonal pyramid (Bischoff, 1890), which,

according to H. O. Jones (1905), best accounts for the changed properties
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(d) Tin.—Methyl-ethyl-propyl stannonium salts were resolved

by Pope and Peachey (1900).

{c) Sulphur.—Smiles (1900) resolved N-methylethylphenacyl

sulphonium bromocamphorsulphonates and almost simultane-

ously Pope and Peachey split N-methylethylthetine bromo-

camphorsulphonate into its active components.

[d) Selenium compounds were resolved by Pope and Neville

(1902) similarly to the second production of asymmetric sulphur

mentioned above.

{e) Silicon compounds, such as ethylpropylbenzyl silicol and

sulphonic acids derived from the corresponding silicol oxide

have been resolved by Kipping (1904-8) in the course of exten-

sive work on the organic derivatives of silicon.

on alteration of tervalent to quinquevalent nitrogen ; and (iv) at the

centre of a regular tetrahedron, like carbon, the fifth valency being mobile

and of no definite position.



CHAPTER VII

COMPOUNDS AND REACTIONS IN ORGANIC
CHEMISTRY

As we remarked in a previous chapter, historical interest at-

taches rather to general reactions and development of classifica-

tion than to particular substances, and so in dealing with the

organic side of the science, we shall try to indicate the lines

along which synthetic methods have developed, the chief classes

of reactions which have been discovered, and the chief types

of compounds formed thereby.

§ I. HydrocaFbons—The majority of the hydrocarbons

have been prepared subsequently to their more important de-

rivatives, but the following list will show how the more notable

members of the series came to be found :

—

CH^ Methane

C,H,;

C.3H,

CoH,

Ethane

Ethylene

Acetylene

C,..H,. Benzene

C.1H1

ClaH,

Mesitylene
Diphenyl
Triphenyhnethi

Known to van Helmont. First synthesis

{CS2 + HoS over Cu) by Berthelot, 1858.

1848 Frankfand (K on CoH,CN, and Zn
(C2H,)2 + HoO) and Kolbe (electrolysis of

potassium acetate).

riygS The " four Dutch chemists ".

{ 1866 Tollens (Na on C2H4CI2).

1 1868 Butlerow (Cu on CHJo at roo°).

1836 Discovered by Edmund Davy. Syn-

thesized by Berthelot, 1863 (electric arc in

hydrogen).

1825 Faraday (in coal gas) ; 1834 Mitscher-

lich (distilling benzoic acid and lime)

;

1845 Hofmann (in coal-tar) ; 1870 Berthe-

lot (synthesis from acetylene).

1868 Fittig; 1838 Kane.
1866 Berthelot.

1872 Kekule (benzal chloride + mercury

diphenyl).

117
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Other instances have already been given in Chapter vi. (cycloparaffins

and hydrocarbons containing conjugated aromatic nuclei).

A number of general methods of synthesis for hydrocarbons

have been devised from time to time. Such are :

—

Electrolysis of alkaline salts of saturated fatty mono- and di-basic and
of maleic or fumaric acids (Kolbe, 1848 ; Kekule, 1864).

The action of sodium on alkyl halides (Wurtz, 1855).

The action of sodium on a mixture ot an alkyl and an aryl halide

(Fittig, 1863).

The action of AlCl., on an aromatic hydrocarbon and an alkyl halide

(Friedel and Crafts, 1870).

The action of alcohol on diazo-bodies (Griess, 1866).

Polymerization (acetone to mesitylene, Kane, 1838 ; diacetyl to p-xylo-

quinone, v. Pechmann, 1889, etc.).

The extensions of the Friedel-Crafts reaction should be

noted :

—

Preparation of silicon derivatives (Ladenburg, 1875).

Preparation of aldehydes and ketones from acid chlorides and benzenes

(Gattermann, 1897).

Preparation of sulphinic acids from sulphur dioxide and benzenes

(Knoevenagel, 1908; Smiles, 1908).

Preparation of sulphonium bases, etc., from sulphur dioxide and phenolic

ethers (Smiles, and Le Rossignol, 1908).

The preparation of hydrocarbons by reduction has been

effected in numerous instances, of which Berthelot's (fuming

hydriodic acid), Baeyer's (reduction of hydroxyl groups by zinc

or by phosphorus and hydriodic acid), and the recent method

of passing a mixture of hydrogen and the vapour to be reduced

over heated finely-divided nickel (Sabatier and Senderens) are

the most interesting.

The following methods for the synthesis of polymethylene

derivatives may also be cited here :

—

The action of sodium on dibromoparaffins (Freund, 1882).

The action of iodine or alkylene dibromides on disodium derivatives of

malonic esters (W. H. Perkin, jun., 1894).
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Elimination of nitrogen from aliphatic diazo-compounds (Buchner).

Distillation of calcium salts of the fatty dibasic acids (J. Wislicenus,

1893).

Beilstein (1880) noted that Russian petroleum consisted largely of

hexamethylenes (naphthenes). Crossley has contributed to the recent

knowledge gained on the subject of polymethylene and hydroaromatic

derivatives.

Finally, we must refer to the recent work of Gomberg (1900),

Tschitschibabin, and others on " triphenylmethyl "
; this was at

first thought to contain tervalent carbon; other explanations

of its formation and reactions, based on the usual assumptions

of the valency of carbon, have since been put forward.

§ 2. Oxygen DerivatiYes : (a) Hydroxylic Compounds
—The chief synthetic methods for the most important class of

hydroxyl derivatives, the alcohols, have been :

—

(a) The replacement of halogen, etc., by alkaline hydroxyl.

{d) The reduction of aldehydes (Wurtz, 1866) and ketones

(Friedel, 1862).

(c) The extended action of zinc alkyIs on acid chlorides

(Butlerow, 1864).

(d) The action of magnesium alkylhalides on carbonyl oxygen

(Grignard, 1900).

On p. 120 we summarize the history of the more noteworthy

alcohols and phenols.

Another section of oxygen derivatives closely allied to the

true hydroxylic compounds is that of the ethers. The substance

which we now call diethyl ether was known as ether, or sulphur

ether, to the alchemists, and its preparation from alcohol and

sulphuric acid is referred to by the later alchemists and the

phlogistic chemists. The name ether was applied on account

of the volatile properties of the liquid, and other liquids subse-

quently discovered, and possessing a similar odour to ether,

were also indiscriminately termed ethers. We have already seen

(chap, vi.) that much of the discussion on organic theory in the

earlier years of the modern era centred round alcohol and ether,
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and in consequence of this the distinction between " simple "

ethers and "compound" ethers (later called esters) was soon

observed. We may recall at this point how Williamson (and,

independently, Chancel) finally solved the problems of the con-

stitution of ether and of its production by the sulphuric acid

process, showing at the same time how " mixed " " simple " ethers

of the type R—O—R^ could exist. The anaesthetic properties

of ether were discovered by Jackson (1842). Mention may
also be made of the class of phenolic ethers, of which anisol,

CgH^OCHg (discovered by Cahours, 1841), may be taken as

typical. The discovery of some characteristic esters is recalled

in the following table :

—

Ethyl acetate 1759 Lauroguais.

,, chlorcarbonate 1833 Dumas (phosgene and alcohol).

Ethylene dichloride 1795 Four Dutch chemists (ethylene + CU).

„ dibromide 1826 Balard (ethylene + Bra).

,, di-iodide 182 1 Faraday (sunlight on ethylene -t- L).

Chloroform 1831 Liebig; Soubeiran, 1847, used in sur-

gery (Simpson).

Iodoform 1832 Serullas.

Ethyl hydrogen sulphate j 1833-40 Hennel, Serullas, Magnus and
and ethionic acids \ Regnault.

Ethyl hydrogen phosphate 1833 Pelouze.

„ ,, carbonate 1840 Mitscherlich.

Glyceryl trinitrate 1847 Sobrero (" nitro-glycerine ").

(The products of the action of HNO^ on ethyl alcohol were studied by

Debus, 1856.)

§ 3- Oxygen DerivatiYes : {b) Carbonyl Compounds,
Reactions of Condensation—Aldehydes and ketones have

been prepared chiefly by the oxidation of alcohols (Scheele,

1774), the distillation of calcium salts of fatty acids (William-

son), the action of zinc alkyls on acid chlorides (Freund, i860),

Gattermann's aluminium chloride reaction (cf. p. 118) and

Grignard's reaction (1900 ; the action of magnesium alkyl

halides on form-alkylanilides, formic ester, and iso-nitriles

(aldehydes) and on nitriles and amides (ketones)). The
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detection of the carbonyl group has been effected by hydroxy-

lamine (oximes, V. Meyer, 1882) and phenylhydrazine (E.

Fischer, 1877). The development of a series of " condensa-

tion reactions " of aldehydes and ketones (reactions accom-

panied by elimination of the elements of water or alcohol) may
here be dealt with :

—

(a) The aldol condensation of aldehydes or ketones in presence of acid

or alkali, e.g. CH3CHO + CH3 . CHO --. CH3 . CH(OH) . CHj. CHO
(aldol) -> CH3. CH : CH . CHO (crotonaldehyde). Wurtz (1872) studied

this particular case, but in 1866 Baeyeri had observed the similar forma-

tion of mesityl oxide and phorone from acetone.

(6) The benzoin condensation first noticed by Liebig and Wohler

(1832) in the action of KCN on benzaldehyde, but only satisfactorily

explained by Lapworth in 1903.

(c) The Claisen condensation of carbonyl derivatives with substances

containing the keten group —CH2—CO— ; examples of compounds so

formed are benzalacetone (Claisen, 1881) ; o-nitrobenzalacetone (Baeyer,

1882; used in indigo-synthesis), cinnamalacetone (Einhorn and Diehl,

1885), «-acrose (dl-fructose) (E. Fischer, 1887, from formaldehyde), and

ionone (Tiemann, 1893, from citral).

The historically noteworthy members of this group appear on

the opposite page.

§ 4. Oxygen Deriyatives : {c) Carboxylic Acids—The
importance of this class for the determination of constitution

and other problems is obviously very great, and consequently

a very large number of syntheses have been devised ; we have

only space to refer to a few, such as oxidation of alcohols or

aldehydes, saponification of nitriles [Dumas and Frankland and

Kolbe (1847), acetoacetic and malonic ester syntheses (cf. § 5),

and metal-alkyl syntheses (Na + CO^ + QH^Br, Kekule, 1866

finely-divided silver on halogen fatty acids, J. Wislicenus, 1868

zinc on chloracetic and oxalic esters, Fittig and Daimler, 1887

zinc on ketones and iodacetic esters, Reformatski, 1887, used

in synthesis of citric acid, Lawrence, 1897) ; Grignard reaction].

Perkins' reaction for the preparation of ethylenic acids by heat-

ing a mixture of aldehyde, sodium fatty acid salt and acid
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anhydride (1868, coumaric ; 1875, cinnamic acid) has been

studied in addition by Baeyer, Conrad, Fittig, and others, but

its precise mechanism is not quite definitely understood. In the

course of his work Fittig was able to shed much light on the

constitution of lactones (paraconic acids, 1894- 1904), and to

confirm the ideas put forward by Erlenmeyer, sen. (1880), to

account for Saytzew's butyrolactone (1873) and Bredt's isocapro-

lactone (1880).

The structme of amido-ac/ds (see also chap, viii.) was defined

when Perkin and Duppa obtained glycocoll (already prepared

from glue (Braconnot, 1820), hippuric acid (Dessaignes, 1846),

and bile (Strecker, 1848)) by the action of ammonia on bromo-

acetic acid in 1858, and that of oxy-nci'ds followed, since glycocoll

had been submitted to the action of nitrous acid (Strecker, 1 848).

The latter have also been prepared by the action of zinc alkyl

halides on oxalic ester (Frankland and Duppa, 1865), from

aldehyde cyanhydrins (Wislicenus, 1862) and from Grignard's

reagent and ketonic esters (McKenzie, 1905).

The first nitriles to be prepared seem to have been proprio-

nitrile (1834, Pelouze, Ba(CoH5)SO^ + KCN), aceto-nitrile (1847,

Dumas, phosphoric anhydride and ammonium acetate) and

benzonitrile (1844, Fehling). With the anhydrides (Gerhardt,

1852) may be mentioned the acid peroxides (Brodie, 1864,

from the former and BaO^,). Various improvements have been

made in the preparation of acid chlorides since Liebig and

Wohler produced the first member in 1832 by the chlorination

of benzaldehyde, such as the interaction of the sodium salts

with phosphorus pentachloride (Cahours, 1846), trichloride

(Bechamp, 1856), oxychloride (Gerhardt, 185 1), or thionyl

chloride (Hermann, 1883). Reference must finally be made to

the amides, such as oxamide (from ammonium oxalate, Dumas,

1830 ; ammonia and oxalic ester, Liebig, 1834), benzamide

(ammonia and benzoyl chloride, Liebig and Wohler, 1832),

acetamide (Dumas, 1847) ^'"'d the anilides (Gerhardt, 1845).

Details of interest are connected with the following acids :—
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§ S- Oxygen DerivatiYes : (d) Ketonic Acids—This sec-

tion of the organic acids is particularly important, because many

of its members (all those possessing the group—CH.j - CO

—

)

are able, by virtue of the acidic properties of the methylene

hydrogen atoms, to enter into all manner of complex synthetic

reactions. The following are typical :

—

(a) Action of chlorcarbonic esters on the sodium compounds of aceto-

acetic ester, malonic ester, etc. (1877 Conrad; 1882-6 Bischoff; in 1879

Conrad undertook a comprehensive investigation of the malonic ester

syntheses, foreshadowed by van 't Hoff in 1874).

(6) Action of iodine on the sodium compounds (dioxysuccinic esters,

Bischoff, 1884).

{c) Action of alkylene bromides on the sodium compounds (Bischoff,

1880-8; Perkin, jun., 1902).

{d) Condensation of phenanthraquinone and acetoacetic ester by

ammonia (Japp and Streatfield, 1883).

(e) Condensation of aldehydes and acetoacetic ester by organic bases

(Knoevenagel's reaction, 1893).

(/) Condensation of olefinic or acetylenic esters with sodium compounds
of acetoacetic, malonic, or cyanoacetic esters (Michael's reaction, 1887).

{g) Condensation of hydrazines, etc., and ketonic esters, yielding hetero-

cyclic bodies (cf. § 8).

The parent member of the polyketides, as Collie (1907) has

proposed to term substances containing the—CHg . CO— group,

is keten CH2 : CO, isolated by Wilsmore and Stewart (1907)

;

substituted ketens have been prepared by Staudinger from

bromacyl bromides and zinc, while a new oxide of carbon,

carbon suboxide C3O2, prepared by distilling malonic ester and

phosphoric anhydride (1906, Diels and Wolf), appears to be a

keten derivative, CO : C : CO. Acetylketen is a polymer of

keten, and an internal anhydride of acetoacetic acid (Chick

and Wilsmore, 1908).

Typical ketonic acids are :

—

CH3.CO.COOH Pyruvic; obtained by iatro-chemists in distilling

'• tartar," and by Berzelius (1835).

CH3CO . CH3 . COOH Acetoacetic (referred to in chap. vi.).

CH3CO . CHa . CH2 . COOH Laevulinic ; 1874 v. Grote and Tollens.
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C0(CH2 . COOH)a Acetoiiedicarboxylic ; 1884 v. Pechmann (from citric

acid).

CgHg.CO. CH3. COOH Benzoylacetic : 1884 Perkin (phenyl-propiolic

and strong sulphuric acid) ; 1887 Claisen (condensation of benzoic and

acetic esters).

§ 6. Nitrogen Derivatives—These have been very fully

studied during the past century, since the constitution of so

many vegetable and animal products, as well as the preparation

of dyes, explosives and other technically valuable substances

depends on the function of the nitrogen-containing group.

Commencing with nttro-comJ)ou?ids (the first of which, ex-

cluding picric acid, was nitrobenzene, Mitscherlich, 1834), we"

notice the evolution of methods of nitration in the aromatic

series, and the preparation of the first aliphatic members by

Kolbe and by V. Meyer in 1872. The latter extended his

studies to the conversion of nitro-paraffins to nitrols, nitrolic

acids, etc. Nitroso compounds were obtained by the action

of mercury diphenyl and nitrosyl bromide (Baeyer, 1874), and

of nitrous acid on secondary amines and on phenols (Baeyer

and H. Caro, 1874, 1874).

The az«/^<?-derivatives form the most important class of

nitrogen compounds. Aliphatic amines have been prepared

by intraction of alkyl isocyanates and caustic potash (Wurtz,

1848), alkylation of ammonia (Hofmann, 1849), reduction of

nitriles (Mendius, 1862), and hydrolysis of isonitriles (Hof-

mann, 1868); Hofmann (1885) also illustrated the conversion

of amides (by bromine and potash) to the next lower amine.

Besides Hofmann's alkylation of aniline, aromatic amines have

been prepared by reduction of nitro-compounds by ammonium
sulphide (Zinin, 1841), hydrochloric acid and zinc (Hofmann,

1845), iron (Bechamp, 1852) or tin (Roussin), and electrolytic-

ally (Lob, 1900). The electrolytic reduction of nitrobenzene,

in particular, has led under suitable conditions to methods for

the preparation of azoxy-, azo-, hydrazo-, or amino-benzene.

The following individual amines and related derivatives are

worthy of note :

—
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Aniline (1826 Unverdorben, distillation of indigo ; 1834 Runge,
" cyanol " in coal-tar ; 1841 Fritzsche, «* aniline," from indigo and potash

;

1841 Zinin, reduction of nitrobenzene— all four substances proved identical

by Hofmann, 1843) ;
p-toluidine (1845, Hofmann) ; diphenylamine (1864,

Hofmann, from rosaniline) ; azoxybenzene (Mitscherlich, 1834) ; hydrazo-

benzene (Hofmann, 1863), which changes so readily to the isomeric ben-

zidine (already obtained by Zinin in 1845 by acid reduction of azo-benzene,

the intermediate hydrazo-compound being overlooked) ; and o- and /3-

naphthylamines (Zinin, 1842; Liebermann, 1876). The constitution of

the numerous intermediate reduction products of nitrobenzene is mainly

due to Erleruneyer and Kekule.

The derivatives of hydrazine belong here and include phenyl-

hydrazine (E. Fischer, 1875, who obtained it from potassium

phenylhydrazine sulphonate, previously prepared by Strecker in

187 1 ), and the alkylhydrazines (E. Fischer, 1879).

Other amino-compounds are :

—

CO(NH2)2 Carbamide 1773 Rouelle (in urine) ; 1828 Wohler (from

ammonium cyanate).

C(NH)(NH2)2 Guanidine 1861 Strecker (oxidation of guanine).

CN . NHa Cyanamide 1838 Bineau (CNCl + NH-); recently intro-

duced as a manure.

The first diazo-compounds were obtained by Griess in 1863

from aniline; the problem of their constitution has already

been discussed (ch. vi. § 7). The discovery of diazo-amido-

benzene and its conversion to amido-azobenzene (Griess, 1862)

was of great importance to the dyeing industry. Other in-

teresting diazo-bodies are :

—

C6H-,.N(
II
Diazoimidobenzene 1866 Griess.

/ II n- fi, I ^^94 ^' Pechmann (alkalies andN
CHa <^ II

Diazomethane \ ^"^'^ ^ *

;urosoamine7)"

COgCaHg . CHN2 Diazoacetic ester 1883 Curtius (nitrous acid and
glycocoU).

CH3 . N =N . NH . R Aliphatic diazo-/i9o7 Dimroth (Grignard reagent

amido compounds i.
and diazo-paraffins).

There remain, in conclusion, the isonitriles (predicted by

Kolbe, and discovered at about the same time by Gautier



COMPOUNDS IN ORGANIC CHEMISTRY 129

(alkyl iodides and silver nitrate) and Hofmann (chloroform,

primary amine, and alkali) in 1866), and the isonitroso com-

pounds, including the oximes (Victor Meyer, 1883 and the

compounds formed by the action of nitrous acid (or amyl

nitrite) on the methylene group —CHg— under suitable con-

ditions {V. Meyer, 1882).

Other nitrogenous compounds will be mentioned in con*

nexion with the history of alkaloids, proteins, dyestuffs, etc.

§ 7. Deriyatives of Elements other than Oxygen or

Nitrogen—The researches in this direction group themselves

into three main classes :

—

{a) The study of compounds analogous to the amines.

{b) The study of sulphur compounds.

(<r) The study of " organo- metallic " derivatives.

(a) To this section belongs the work on the alkyl derivatives ofphospho-

rus, arsenic, and antimony. Aliphatic tertiary phosphines were discovered

by Th^nard in 1846 (from alkyl iodides and calcium phosphide), while Hof-

mann prepared the primary and secondary bases by his alkylation method

in 1871. Aromatic phosphines (CeHgPHa, CgHgPOa and CeHgP : FCgHg)

were derived by Michael in 1876 from CgHgPClg. Tertiary and quater-

nary arsenic and antimony compounds have been chiefly studied by

Lowig and Landolt (1853) ; the primary and secondary arsenic derivatives

were found to be non-basic, the primary (mono-methyl) bodies being due

to Baeyer (1858). The secondary compounds are of especial interest, for

they form one of the three " pillars " of the older radical theory, and were

studied much earlier than any of the others. They were investigated by

Bunsen (1837-43), who isolated many derivatives of '* cacodyl " (CH3)2As

—

from •' Cadet's fuming arsenical liquid," first prepared in 1760 by Cadet

by distilling arsenious acid and potassium acetate.

(6) Organic sulphur compounds have been found to contain bi-,quadri-,

or sexa-valent sulphur, and while the bi- and sexa-valent compounds are

now well defined there is still room for improvement in our knowledge of

the behaviour of many substances containing quadrivalent sulphur.

The bi-valent derivatives include the mercaptans and sulphides (CgHgSH,

discovered by Zeise, 1834 ! (C3Hg)aS, allyl sulphide, isolated from garlic by

Wertheim, 1844 ; CgHgSH, Kekule, 1867) ; derivatives of thiocarbonic acid

(CS2, Lampadius, 1796, from pyrites and coal; COS, v. Than, 1867;

xanthates RO.CS.SK, Zeise, 1824, from CSg, alcohol and soda);

CS(NH2)2 thiourea, Reynolds (i86g, from NH4CNS) ; thioacetic acid

9
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CH3 . COSH, Kekule, 1854 ; and the mustard oils (alkyl isothiocya nates,

R . N : C : S) of which allyl isothiocyanate (in mustard seeds) was the

first to be isolated (Bussy, 1840), and whose constitution and synthesis

were worked out by Hofmann about 1868.

The most interesting quadrivalent sulphur compounds are the sulphinic

acids (aliphatic, 1857, Hobson ; aromatic, 1862, Kalle), sulphoxides (1866,

Saytzew) and sulphonium bases (aliphatic, 1865, Cahours ; aromatic,

Smiles and Le Rossignol, 1906). Thionyl derivatives ofamines, R.N: SO,

have been studied by Michael (1891). It is probable that the constitu-

tion of not a few dyestufifs containing sulphur will be shown to depend

upon the presence of quadrivalent sulphur.

The sexavalent derivatives are perhaps the best known, such as the

Bulphonic acids (methylsulphonic, Kolbe, 1845, benzene sulphonic, Mits-

cherlich, 1833 ; sulphanilic (p-aminobenzenesulphonic), Gerhardt, 1845 (sul-

phonation of aniline) ; and the many dyes which are used in the form of

sulphonic acids for the sake of superior solubiHty), and the sulphones

(Saytzew, 1867 ; a-disulphones R . SOg . SO^R, Kohler and Macdonald,

1899, and Hilditch, 1908; sulphonal (CH3)2C(S02C2H6)2 discovered by

Baumann (i888), and applied as a soporific by Kast (1889) ; saccharin

/SO.
CgH4<^ ^NH, discovered by Remsen and Fahlberg (1879) in the

alkaline oxidation of o-toluene sulphonamide).

(c) The organic compounds of silicon have proved interesting since

Wohler in 1863 showed their close analogy to the corresponding carbon

derivatives, and the chief workers have been, for the aliphatic compounds,

Frankland (zinc alkyls and SiClJ and Friedel and Crafts (1863) ; for aro-

matic derivatives, Ladenburg (CgHgSiClj, 1874) and Polls ((C6H5)4Si, 1886).

Kipping has recently prepared many new silicon derivatives by the action

of different magnesium alkyl iodides on silicon tetrachloride (1907)-

Alkyl compounds of other metals followed chiefly upon Frankland's

discovery of zinc ethyl in 1849, and were prepared from the zinc alkyls

and metal chlorides, e.g. tin (Lowig, 1852, Cahours, i860) ; lead (Pb(C2H5)4,

Buckton, 1859). Mercury alkyls were made from sodium amalgam and the

alkyl iodides (Frankland, 1864 ; Hg(C6H5)2, Otto and Dreher, 1870).

The zinc alkyls are exceedingly difficult to manipulate, and Fleck (1893)

found the magnesium compounds even worse ; Barbier, however, found that

a mixture of finely-divided magnesium and methyl iodide acted readily and

with the same result as the alkyl derivative (1899), and in 1900 Grignard

made an extensive study of the reaction between magnesium and alkyl

halides, showing how the compounds formed I Mg. j could be used

I
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in all manner of syntheses (Grignard's reagent). Pfeiifer has applied the

reagent to various metallic chlorides and has obtained in this way alkyl

derivatives of mercury, thallium, bismuth, platinum and other metals.

§ 8. Heterocyclic Compounds—Dozens of ring-systems

consisting of carbon, oxygen, sulphur and nitrogen atoms have

been synthesized within the last forty years, and historical data

of the chief members of these have already been furnished

(chap. vi. p. 91) ; it remains to give some idea at this point of

the manner in which the methods of synthesis of the various

types have developed, and we may confine our attention to the

five- and six-membered rings, the rest being relatively unim-

portant. The synthetic reactions may be grouped as follows :

—

I. Pyoogenetic reactions :—

/\ /\
Carbazole

| | | |
(Grabe, 1873; from diphenylamine).

NH

Thiodiphenylamine
I I

(Bernthsen, 1888 ; diphenylamine
and sulphur).

NH
N-C

Pyrimidines CC yC (E. v. Meyer, i88g
;
polymerization of nitriles).

II. Reduction reactions :—
CH

Indol
I I

CH (Baeyer, 1869; from o-nitrocinnamic aldehyde).

NH
CH

Indazoles
| |

NH (Nolting, i8go; from o-nitro compounds)
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N

Benzimidazoles | |
CH (Hobrecker, 1872 ; from o-nitro compounds).

NH
O

Benzoxazoles | |
CH (Hubner, 188 1 ; from benzoyl-o-nitrophenols).

N

Quinoxalines
|

| |

(Hinsberg, 1896 ; from o-nitrophenyl-o-amido-acids).

N

III. Oxidation reactions :—
N

Phenazines
|

| I I
(Ris, 1886; from o-diamines and o-naphthol).

N

Quinolines
|

| |

(Skraup, 1880 ; from anilines and glycerol).

N

IV. Condensation reactions (a) from a-diketones

:

—
C = C

\,
Glyoxalines I , /N (Rodziszewski, 1882 ; with ammonia and aldehydes).

N
CH^/\CH

Dihvdropyrazines I I
(Weil, 1900 ; with alkylene diamines).

CH,\^CH
N

N

Ouinoxaline I
| |

(Hinsberg, 1887 ; with y-diamines)
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{b) from p-diketones :—
Pyridines

|
|

(Hantzsch, 1882 ; with aldehyde ammonia).

N

Quinolines
| | |

(Knorr, 1886 ; anilides of )3-keto-acids).

N
C

c/\c
Pyrimidines

|
|

(Pinner, 1893 ; with acid amidines).
N\/N

C

/\
3oumarones

|
| |

(Hant;^sch, 1886 ; chloroacetoacetic ester and phenates).

O

(c) from y-diketo?ies :—

?urfuranes
( |

(Pa al, 1885; elimination of water).

\/
O

I \

rhiophenes
|

[
(Paal, 1885 ; with phosphorus pentasulphide).

S

I I

pyrrols
|

|
(Paal, 1885 ; with ammonia).

NH

hiophenes
[ |

(Volhard and Erdmann, 1885 ; sodium succinate and P^Sg).

S

(d) from O'diamines

:

—
N

Jenzimidazoles
| j

CH (Ladenburg, 1875 ; with fatty acids).

NH
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N

Quinoxaline |
| |

(Hinsberg, 1887 ; with cyanogen).

N

Phenazine |
|

N

N

I I
(Hinsberg, 1896 ; with o-quinones or pyro-catechol).

{e) from o-aminophenoh :-

O

Benzoxazoles I
j

C . R (Ladenburg, 1877 ; with fatty acids).

Phenoxazine
|

j | |

(Bernthsen, 1887 ; with pyrocatechol).

N

(/) from amino aldehydes or ketones

:

—
N=CHv

Oxazoles | )0 (Bliimlein, 1884 ; a-chlorketones and amides).

HC—CH/

Pyridine
| j

(Schiff, i86r ;
aldehyde-ammonia and aldehydes).

N

Quinoline (Friedlander, 1883; o-aminobenzaldehydes and—CH2.CO-
compounds).

Pyrazine (Skraup, 1893 ; aminoaldehydes and aminoketones).

{g) from ammo-acids :—
/\

Pyridine
| |

(Bottinger, 188 1 ; from glutaconamic acid).

N
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Acridine
I | | |

(Bernthsen, 1884 ; from diphen'ylamine and acids),

N

(//) from hydrazine and hydroxylamine :—

Indol
I I

(E. Fischer, 1886 ; from certain phenylhydrazones).

NH
HC=CHx

Pyrazoles
|

/NH (Claisen, 1888 ; hydrazines and /3-diketones).
HC =N /

/CH =CH
Pyrazolones Z0(

\

(Knorr, 1883 ;
phenylhydrazine and )9-ketonic esters).

\ N = N
CH

Indazoles |
| I

NH (Fischer and Tafel, 1885; from o-hydrazine cinna-
^ mic acids).

N
CH = Nv

Triazoles |
)NH (Andreocci, 1892; acid hydrazides and amides).

N =CH/

Isoquinoline j
|

(Bamberger, 1894 ; from cinnamaldoxime).

{i) Perkin s reactio?i

Coumarin (a-Pyrone)
| | |

(Parkin, 1865 ; from salicylaldehyde and acetic

^/X^/CO anhydride).

O

(/} Alkaline condensation or decomposition :—

•

/\
Coumarone

| | |
(Fittig, 1883 ; from coumarin (loss of CO) ).

CO

Isatin
I I

CO (Baeyer, 1880; alkalies on o-nitrophenylpropiolic acid).

NH
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Other points of interest which may be chosen from the history

of the heterocyclic group are :

—

{a) The furfurane, thiophene and pyrrol compounds, which

present so close an analogy to the benzene and pyridine de-

rivatives in many ways, although this relation and the cognate

relationships of coumarone, indol, carbazole, etc., to the three

first-named bodies were not generally recognized till about

1885.

(d) The connexion found to exist between a large number

of natural products, notably certain vegetable dyes (quercetin

,

fisetin, etc.), and the y-pyrone compounds

which have been the subject of study by Kostanecki, A. G.

Perkin, and others of recent years.

(c) The importance of many derivatives of pyridine, quinoline

and isoquinoline (especially the carboxylic acids) for the deter-

mination of the constitution of the alkaloids, most of which

yield on rupture of their complicated molecules one or more

of these simple decomposition-products.



CHAPTER VIII

THE CHEMISTRY OF PLANT AND ANIMAL LIFE

§ I. Chemical Processes in the Vegetable and Animal
Kingdoms—Although many of the alchemists professed to

regard their science as being, by reason of its connexion with

the process of life, too sacred and mysterious for the average

person to understand, there came a time when botanists and

physiologists were inclined to disparage the utility of any

chemical explanation of vital processes, holding that these were

caused by a " vital force " of a nature entirely different to the

ordinary inorganic "chemical affinity". In spite of all the

chemical work, such as Lavoisier's analyses of typical organic

bodies and Wohler's or Kolbe's syntheses of organic from in-

organic materials tending to prove that there was nothing chemi-

cally anomalous about an organic compound, this opinion held

general sway until about the middle of the nineteenth century.

Perhaps it is partly in consequence of this that the first modern

investigations on the chemical reactions going on in plant or

animal life were undertaken in most cases by chemists rather

than physiologists. In this way Fourcroy, Vauquelin, and

later, Berzelius, studied animal chemistry, while Senebier, Dutro-

chet and especially Saussure worked out the conditions under

which carbonic acid is absorbed and the carbon assimilated by

plants, noting that certain parts of plants evolve instead of ab-

sorbing the gas and that a small evolution of heat also takes place,

thus forming an analogy with animal breathing.

One of the important problems in both plant and animal

realms is nutrition, and the chemical nature of the subject be-

137
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came plain through the researches just mentioned and especi-

ally by the work of Liebig, who embodied his results in a

pamphlet published about 1842. With reference to animal

nutrition, he stated that it was based upon a series of chemical

reactions and distinguished between real nutrients and sub-

stances which effect animal change but do not build up the

tissues; he disproved the theory (which at that time had

held sway for about a century) that plants are nourished by a

certain " humus " in the soil, and showed that in reality they

live on water, carbonic acid, ammonia, nitric acid, silica, and in

lesser degree elements such as phosphorus, sulphur, magnesium,

calcium, iron, potassium, whiph are built up into complex com-

pounds in the vegetable cells.

This work is of course the foundation of scientific agriculture,

which consists in supplying to a crop the correct amount of the

constituents needful for its particular development. Very much
work has been done since Liebig's time on the composition of

soils, and agricultural chemistry is to-day a science in itself,

special laboratories being scattered over Europe and some of

the British colonies for the investigation of plant-chemistry and

the guidance of the farmer.

At the same time the selection of human food has been based

upon more scientific ground owing to the work of Liebig

Pettenkofer, Voit, and many others, while the importance of

controlling its quality is now generally recognized, as evidenced

by the numerous official analysts engaged in the work and the

recent creation (1908) of an annual international congress to

advise upon legislation respecting matters of food and hygiene.

Moreover, the rapid extension of structural knowledge in

organic chemistry has encouraged the isolation of many of the

complicated substances occurring in living things with a view to

elucidating their constitution. Thus chlorophyll, the colouring

matter of leaves, has been repeatedly studied (Sachs, Pringsheim,

etc.), and has quite recently been obtained in a crystalline state

by Willstatter. Similarly blood (with its components hfemo-
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globin, haematin, etc.) has frequently received attention (Magnus,

Meyer, etc. etc.), and so have other organs and products of the

animal metabolism such as flesh (Liebig, Strecker, Helmholtz,

Eriicke), fats and milk (Chevreul), saliva (Leuchs discovered the

QnzymQ pfyalhi, 1831 ; Ludwig, Briicke), gastric juice (Kiihne),

and urine (Liebig and Voit estimated urea ; Wohler and

Dessaignes showed formation of hippuric acid ; etc.), the names

simply indicating one or two of the foremost workers.

Side by side with the efforts to ascertain the structure of

vegetable and animal products such as the alkaloids, or sugars,

numerous attempts have been made to produce them by synthesis,

and in not a few cases these have been attended with success.

Nevertheless it has often been remarked that such syntheses

resemble the natural process in little more than the identity of

the end-product, for plants and animals only have recourse to

agents such as phosphorus pentoxide or pentachloride, potassium

cyanide, caustic soda, or strong sulphuric acid (to name a few of

the favourite synthetic laboratory reagents) under the most

abnormal and dismal conditions.

We cannot unfortunately trace the interesting story of bio-

logical chemistry in further detail, but must confine ourselves

to a description of the chemical development of four important

classes of naturally occurring organic products, viz. the alkaloids,

the terpenes, the sugars and other "carbohydrates," and the

purines, proteins and allied nitrogenous substances.

v^ 2. The Alkaloids—The presence of crystalline basic sub-

stances in certain plant-juices was not recognized until rather

more than a century ago, when Seguin prepared " morphium "

from opium (1803). "Morphium" was soon found to be a

mixture of several bases, from which one, morphine, was isolated

in the pure state by Sertuerner in 18 17. Other allied bodies

such as strychnine, quinine, coniine were rapidly discovered and

the generic name of alkaloids was given to them on account of

their basic properties. Later on, Liebig showed that the latter

was due to the nitrogen present in all the compounds concerned,
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and much more recently, when the constitutions of the funda-

mental types of organic compounds had been worked out, it was

found that most alkaloids could be broken down by more or less

violent means into simpler bodies, allied to pyridine (Konigs,

Ladenburg, Weidel). In consequence of this and of the pre-

paration of artificial complex pyridine bases, the term alkaloid

is now generally considered to embrace all basic complex

derivatives of pyridine or other heterocyclic nitrogenous ring-

system.

Most of the alkaloids have marked therapeutic (toxic or

anaesthetic) properties and considerable attention has therefore

been paid to their detection by a variety of reagents, such as

double metal halides (Pettenkofer, 1844), phosphomolybdic acid

(Sonnenschein, 1856), polyiodides (Jorgensen, 1870), or hydro-

ferrocyanic acid (E. Fischer, 1877).

So various have been the methods for determining alkaloid

structure and attempting alkaloid synthesis that it is impossible

to name them here ; we can only give a summary (p. 141) of the

chief men connected with the more important alkaloids (with

the approximate date of their work) and mention that the most

prominent workers in this have been Pelletier and Caventou

(1829), Liebig (1835), Regnault (1840), Laurent (1845), Ander-

son (1850), Ladenburg (1870-), Skraup (1880), Freund, Pschorr,

Knorr, Willstatter (1890-), A. Pictet (1895-).

§ 3. The Terpenes—The chemical history of the " essential

oils " formed by many plants and trees falls naturally into three

divisions :

—

(i) A preliminary period, in which crude essences were ex-

tracted from the plants, chiefly for their perfume ; this extends

to the remotest times, for the ancients knew how to make
terpentine oil as well as oils of olive, almond, pear, etc. (most

of which have been already dealt with). The alchemists added

numerous others, such as those from rosemary, thyme, etc.,

and the group of herbal essences has continued to multiply

steadily.
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(2) An intermediate period, extending from about 18 10 to

1870, in the course of which many of the above oils were

worked up and pure constituents obtained
;

yet, since struc-

tural chemistry was not at the time sufficiently advanced

to be capable of explaining their constitution, the numerous

investigators had in most instances to be perforce content

with defining the molecular composition and the characteristic

reactions of their various products.

(3) The period in which the constitution of terpenes has

been seriously investigated ; this did not commence till about

1890, but since that date an enormous mass of data has been

and is being accumulated on the subject. Tilden (1880) showed

that the addition-products of the terpenes with nitrosyl chloride

or nitrous anhydride could often assist in determining their

structure, and from 1890 onwards the work of Baeyer, Wallach,

Wagner, Kannonikow, Kondakow, Bredt, Briihl, Barbier, Harries,

Tiemann, Semmler, and their students, has been especially im-

portant in elucidating this very complicated problem. In 1894

a convenient nomenclature for the class of terpenes was arrived

at, mainly by Baeyer and Wagner ; the only other general

statement it is possible to make here refers to the syntheses

of members of the series, carried out by Baeyer in 1893 (from

succino-succinic ester derivatives) and by W. H. Perkin, jun.,

since 1 905 (mainly by the help of the Grignard reagent). Of

these it is only the latter which has yielded terpenes identical

with previously known natural products. The table on p. 143

summarizes the history of a few typical terpenes.

§ 4- Sugars and other Carbohydrates ; Glucosides—
The sugars form yet another class of compounds which have

served to prove the capabilities of the modern structural theory

of organic compounds for although numerous sugars were

known before the latter took firm hold, their constitutions re

mained unfathomed until about 1885. Since then the whole

maze of stereo-isomeric sugars has been cleared up and system-

atized, notably owing to the great work of Emil Fischer ; and as
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a secondary result various artificial sugars have been produced

in accordance with the indications of the theoretical formulae.

We must first glance at some of the means which have served

to characterize the otherwise not very well-defined members of

the class. Their optical rotatory power (frequently showing

mutarotation) has long been used as a test, and so has the re-

ducing power which most of them exert on ammoniacal copper

solutions (Fehling, 1849). Of their crystalline derivatives the

phenylhydrazones and osazones (E. Fischer, 1884) are especially

useful on account of their superior power of crystallization.

The most interesting part of their history, however, deals with

the complicated syntheses which in a few master hands have led

up to our present extensive knowledge of their configuration.

It was not until 1880 that the general nature of a sugar

(aldehyde-alcohol) was realized (by Zincke), although in 1861

Butlerow had produced a sugar-like syrup, " methyleneitan," by

alkaline condensation of trioxymethylene (polymerized form-

aldehyde). Similar syntheses were achieved by Loew, who
obtained unfermentable " formose " by condensation of form-

aldehyde with lime (1886), and fermentable " methose " when

magnesia replaced the lime (1889). E. Fischer's work com-

menced about 1884 with the investigation of the action of

phenylhydrazine on sugars, and in 1887 he obtained "a-acrose"

(afterwards shown to be ^/-fructose) by the action of baryta on

dibrom-acrolein. In the meantime Kiliani developed methods

for increasing the number of carbon atoms in a sugar by utiliz-

ing the hydrogen cyanide addition-products (1885-6), and Fischer

showed in 1890 how the resulting oxy-acids (from the cyanhydrin

hydrolysis) might be reduced to new sugars by sodium amalgam.

By these means he completed the synthesis of d- and /- glucose,

and d- and /-fructose and numerous other sugars, and by about

1894 had worked out with tolerable certainty the spacial con-

figurations of the sixteen possible aldohexoses, the keto-hexoses,

the eight possible aldopentoses, etc., and had deduced there-

from the configuration of d- and /-tartaric acids. Further
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methods which tended to confirm all these theories were sup-

plied by the reactions of Wohl (1893) and Ruff (1898), which

permit of the degradation of a sugar to one containing one atom
of carbon less in the molecule.

At the same time the constitution of the di- and tri-sac-

charides, such as cane-sugar or raffinose, has been partially

cleared up, for in 1893 Fischer prepared alkyl ethers of the

alcohols which were chemically analogous to the natural gluco-

sides, and later it has appeared (Tanret, 1895 ; Perkin, 1902 ;

E. F. Armstrong, 1903) that the poly-saccharides are consti-

tuted similarly to the synthetic glucosides, and are, therefore,

condensation-products or " mixed ethers " of the different

mono-saccharides (hexoses).

The structure of other carbohydrates—those of the formula

(C6Hio05)n, where n is at present unknown, but certainly very

large—has not yet been arrived at, and it would seem that it will

remain an unsolved problem for some time to come.

We proceed to the usual historical summary (p. 146) of

the class we have discussed, adding also a list of the most

interesting natural glucosides (or sugar ethers). The existence

of certain natural hydro-aromatic sugars, such as inosite

(Scherer, 1850) or quercite (Hofmann, 1877), should not be

overlooked.

§ 5. Amido Acids, Proteins, and Purines—^The alka-

loids and the terpenes are exclusively vegetable substances, the

'sugars occur chiefly in the vegetable, but also in the animal

kingdom ; the last group which remains to be considered is

common to both, but plays an exceedingly important part in

animal metabolism. This series, comprising organic bodies

containing one (and usually several) groups of the type

—NH . CH2 . CO— , has been persistently investigated for

nearly a hundred years, but at present, although it may be said

that a general knowledge of its members has now been at-

tained, there remain many of its naturally-occurring deriva-

tives whose constitution has not been unravelled, and still

10
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more whose supposed structure has not been confirmed by

synthesis.

The first indications of the important natural role of sub-

stances containing this group came as early as 1820, when
Braconnot obtained a substance " glycocoU " by boiling glue

with dilute acids. In the ensuing thirty or forty years various

other compounds, which bore more or less chemical resem-

blance to glycocoU, were prepared from meat extract, milk,

bile and similar animal juices. Liebig, Wohler, Liebreich and

others subsequently found that the cause of the similarity lay

in the fact that the creatine, tyrosine, asparagine, serine (to

name only a few of the compounds in question) were all deriv-

atives of the amido -acids. This naturally led to synthetical

work on the amido-acids, commenced by Strecker about i860,

and continued by numerous chemists down to Erlenmeyer,

Curtius, and especially Emil Fischer, the present-day workers

in this branch.

In this way it was soon found (cf. the table which follows)

that a number of these animal decomposition-products were

either amido-acids (e.g. glycocoU, tyrosine), cyclic anhydrides

of amido-acids (creatine, betaine), amides of amido-acids (as-

paragine, urea, guanidine), or more complicated amido-acid

derivatives, such as cystine, tryptophane, or proline (some of

the most recently added members). Moreover, the ptomaines

or " corpse alkaloids," poisonous products of animal decay, were

also found to be closely related to the above (Selmi, 1872),

being simple aliphatic diamines.

More important than all this, however, are the efforts which

have been made with no small success to trace a connexion

between such chemically simple end products of decomposition

and the complicated components of living bodies known as albu-

mens. Various workers have shown within the last twenty years

that the molecular magnitude of such substances (e.g. casein,

haemoglobin, etc.) is very large, and cannot fall short of 1 6,000

in most cases ; but no precise conception of albuminoid struc-
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ture was arrived at until Fischer turned his attention to the

problem about 1900, having solved those of the sugars and of

the purines (to which we shall shortly refer). His work is

too extensive to recount in detail, but it may be summed
up in the diagram which he has succeeded in drawing up

to show the successive decompositions of an albuminous sub-

stance :

—

Albumen (nucleo-protein)

(pepsin
I

hydrolysis).

Albumose (nuclein) Protein decomposition-products,

(trypsin
|
hydrolysis).

^J .

Peptone (nucleic acid) Protein decomposition-products,

(acid
I

hydrolysis).

I
Amido-acids, phosphoric acid, purine bases, sugars.

From these protein or polypeptide decomposition-products

Fischer has isolated definite compounds of the general structure

NH2[CH2. CO . NH]„ . CH2 . COOH, and, on the other hand,

he has synthesized chemically similar substances (although of

less molecular weight) from simple amido-acids by a variety

of methods, obtaining in the latest instance an octadeca-

peptide containing fifteen glycocoll and three leucine groups

(1907).

He has thus shown the general nature of the proteins and,

consequently, of the albumens.

For a number of years previous to the protein work he was

engaged in consummating by decomposition, as well as by

synthesis, the knowledge of another group of natural products

such as caffeine, uric acid, xanthine, guanine (previously studied

by Liebig, Strecker, Baeyer, and many others), all of which he
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proved to be derivatives of a parent substance " purine,"

(T)N=J^CH

®CH (5)C nIT)

(

/
9

CH (8

@N— (4)C

which he finally prepared (1898). This remarkable work

(sugars—purines—proteins) is one of the most complete series

of investigations on record in chemical history.

Since 1900 W. Traube has also contributed a number of

independent syntheses of most of the purines.

In the following table the various natural amido-acid or

amido-acyl products are grouped according to the order in

which they have been discussed above :

—
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§ 6. Fermentation and Enzyme-Action—We will con-

clude this chapter with a reference to the part played by certain

bacteria and imitated by a number of lifeless substances in pro-

moting many chemical actions, and usually denoted by the

phrase fermentation. The formation of wines from grape-juice

was ascribed to this process centuries ago, and van Helmont

went so far as to say that " fermentation " was the principal

cause of all organic processes, but it is doubtful whether he

used the terms with anything approaching their modern signi-

fication. At all events the real nature of vinous fermentation

was not appreciated in his day, for it was not until 1680 that

Becher showed that sugar must be present, while the fact that

the alcohol and carbonic acid come directly from this sugar

was only revealed by Lavoisier in 1783. During the next

half-century, however, numerous other cases of ferment action

came to light (lactic acid, higher alcohols, etc.), and it was also

realized that many of the chemical reactions going on in animal

bodies are maintained by the agency of ferments.

Theories were not wanting to " explain " the mechanism of

the process ; we may refer to the Berzelius-Mitscherlich " con-

tact " theory (1834-6) and to Liebig's *' vibration " theory (1839)

which assumed that ferments were in a state of continual mole-

cular oscillation which induced a similar vibration (causing

molecular disruption) in certain other molecules. Such hypo-

theses had little if any experimental support, and indeed a

discovery made by Cagniard de la Tour three years prior to

Liebig's hypothesis pointed to a very different explanation, for it

was found that the yeast cells present during sugar fermentation

actually multiplied in the process. Later on it was observed

that not all the known ferments grew in this manner, but only

definite members of the class, but little of importance was

settled with regard to the subject until in 1855 Pasteur collated

all the known facts, and after much investigation elaborated

his " vitalistic " theory, declaring that all real fermentations

were the results of the action and multiplication of living or-
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ganisms. This, while giving a partial insight into ferment

action, did not explain the processes involved in the ,case of

those ferments such as emulsin (1830, Robiquet), ptyalin

(183 1, Leuchs), diastase (1834, Payen and Persoz), pepsin

(1835, Schwann), invertase (1870, Liebig) and "inorganic fer-

ments" (colloidal platinum, etc.) which are not made up of

living cells at all ; all these were set by Pasteur in a separate

class—the enzymes or unorganized ferments.

Much work has since been undertaken on this very difficult

problem, but although Pasteur's generalizations have held their

place, it must be admitted that there is much that is arbitrary

and unsatisfying in his explanation. Again, Buchner has

shown (1896) that sugar is fermentable by a juice present in

yeast, but not containing any living cells, and so it would

seem that possibly the vitalistic theory may yet give way to a

more general solution embracing both organized ferments and

enzymes.

Other recent students include Knap, Nef, Meissheimer and

Emmerling; the latter showed in 1901 that in some cases

enzyme action is reversible, i.e. the same product which de-

composes a glucoside, for example, may under given conditions

bring about its synthesis from its hydrolysis products.

The mechanism of fermentation was first studied from a

physico-chemical standpoint by Wilhelmy in 1850; later

workers include O'Sullivan (1885- 1900), Adrian and Horace

Brown (1892-), and E. F. Armstrong (1904). The general

result has been that, although at one time apparent exceptions

were encountered, fermentation proceeds strictly according to

the law of mass-action, and conforms just like any other chemi-

cal change to the laws of chemical kinetics.



CHAPTER IX

THE APPLICATION OF CHEMISTRY TO
MANUFACTURES

To omit any reference to the part chemistry has played in en-

gineering, agriculture, dyeing and many other equally con-

spicuous aids to what is called civilized existence would be to

render a very one-sided record of chemical history. On the

other hand, it is obviously impossible to chronicle all the tech-

nical improvements made in manufacturing processes, more

particularly within the last hundred years. We will therefore

refer briefly to the more notable applications of pure chemistry

to " the arts," ranging from the earliest (the purification of gold,

silver and other metals easily obtained from their ores) to the

most recent products of civilization (the use of electricity and

petrol ; the invention of " high " explosives).

The parts of the globe noted for excellence of technical

work have extended at different periods from eastern to western

hemispheres. The ancient oriental peoples are the earliest

that we can say with certainty applied chemistry (albeit in ,an

empirical manner) to manufactures (e.g. Chinese pottery and

Egyptian colouring). During the Middle Ages, Italy and France

were the most prominent countries in this respect, and later

came the modern supremacy of England. Most recently there

has been witnessed a remarkable development of industrial

operations in Germany, which has given rise to much pessimistic

talk in England. But if British manufacturers show more

readiness to adopt the latest technical devices, and give adequate

support to the facilities now available for the instruction of their

154
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workers, little fear need be entertained as to whether our coun-

try can " hold its place ". Finally, the modern system of transit,

etc., has modified the location of factories, so that whilst in some

cases raw material is brought to the centres of civilization for

fabrication, in many others the ore, crop, or whatever it may
be, is worked up in distant parts of the world close to its

natural source.

Turning to the purely scientific side of the subject, it will be

well to point out how, especially of recent years, purely theo-

retical researches have assisted the manufacturer. We may do

this best by giving a few concrete examples :

—

(i) Le Chatelier's work on the " phases " and the thermal

conditions prevailing in the blast furnace.

(2) The same physical chemist's research on the conditions

of equilibrium of the reactions CaCOg^CaO + CO2 and CO.,

;fCO + o.

(3) The elaborate electrochemical and thermochemical theories

upon which the processes for the "fixation of atmospheric

nitrogen "
(§ 3) are based.

(4) The difficulties (only overcome by years of research) in

the practical application of the sulphuric acid " contact process ".

(5) Syntheses of various organic compounds have provided

means for supplying many products more cheaply (alizarin,

indigo, etc.).

We ^ill now proceed to give a more detailed account of this

practical application of results obtained in the laboratory.

§ I. The Preparation of Useful Elements. Metallurgy
—Taking first the larger branch—metallurgy—of this division,

we may divide modern practical methods as follows :

—

(a) Those zuhich are simply improvements of olderfundamental

principles.

ip) Those which involve entirely new processes {in most in-

stances the application of electricity).

{a) The principle of the smelting of a few ores, such as those

of lead, tin, copper, and mercury, remains the same to-day as



tS6 A SHORT HISTORY OF CHEMISTRV

when directions for making these metals were recorded by Greek

and Roman philosophers. These directions were naturally

simply of the nature of recipes, the explanation of the different

processes being but imperfectly understood all through the al-

chemical and phlogistic periods. The alchemists, however, knew
sufficient to enable them to use a rough sort of analysis as a

check on the purity of their products, the first advice on the

subject of assaying appearing in the works of Agricola and

Libavius.

Modern modifications have consisted here in the use of a

" wet process " (Hunt and Douglas) and an electrolytic pre-

cipitation process (Elsmore, Siemens, and others) for copper,

methods of desilverizing lead (Pattinson, Parkes), and economic

improvements in the metallurgy of some other elements, such as

zinc (Marggraf, Stromeyer).

Among elements which are still obtained by processes cen-

turies old we may mention mercury, sulphur, bismuth, and tin-

The metals of the platinum group were first isolated on a

commercial scale by Cock (1800- 1808) in the form of impure

platinum ; Deville and Debray constructed a furnace for the

fusion of these metals and Matthey showed how to separate and

purify them.

Before dealing with the iron industry (the most important of

this section), we will recall the introduction of electro-plating

by De la Rive in 1836 and Jacobi in 1839, a method which was

extended during the next generation to the cases of copper,

silver, gold, nickel, and manganese, amongst others.

The manufacture of iron and steel went on by the old Catalan

and allied processes until in 1784 Cort introduced the puddling

process for wrought iron ; another important improvement was

the substitution of hot for cold air in the blast for the furnaces

(Neilson, 1828), Between 1856 and 1867 the Bessemer process

for converting cast iron to steel was perfected ; contempor-

aneously another method was introduced by Siemens and

Martin. These were improved upon by the Thomas-Gilchrist
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process (1878-80) ; Wagner has shown how the slag from this

process, rich in phosphates, may be utilized agriculturally as a

manure. Such is a bare outline of one of the most important

British industries ; other points of scientific interest include the

researches of Bunsen and Playfair on the composition of

furnace-gases, and the utilization of the spectroscope by Bradge

and Roscoe to detect the end point of the reaction in the Bes-
semer process.

{b) The newer methods of element manufacture apply as a

rule to elements difficult to isolate from their compounds and
consist mainly of electrolytic processes and processes involving

extremely high temperatures.

The first type includes the modern manufacture of the alkali

and alkaline earth metals, magnesium, aluminium, etc. Of
these, the alkalies were formerly made by violent reduction

processes; calcium, strontium,and barium had only been obtained

impure by the action of sodium amalgam on their salts, and the

rest were made by fusing their chlorides with sodium (Wohler,

Deville). The case of the alkali elements is particularly in-

teresting ; Davy's electrolytic isolation of these was regarded as

of purely theoretical interest, and Gay-Lussac and Thenard

tried to manufacture sodium commercially by heating iron with

fused caustic soda. Later, in 1823, Brunner showed how
potassium resulted from the ignition of an intimate mixture of

the carbonate and charcoal; Deville improved upon this by

igniting a paste made of soda and chalk with oil. Such methods

were comparatively costly, but the electrolysis of the fused

chloride or hydrate on a commercial scale by Castner (1890)

furnished a cheap means of preparing the pure elements. A
further modification is the electrolysis of the aqueous alkalies

with a mercury cathode, with which the liberated element at

once amalgamates. The alkaline earth and other elements are

all prepared at the present day by electrolysis of their fused

chlorides (in the case of aluminium, electrolysis of a solution of

bauxite AIO(OH) in fused cryolite AIF3, 3NaF).
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Reduction of refractory oxides at high temperatures has been

carried out of recent years by Moissan (a mixture of charcoal

and oxide of uranium, tungsten, manganese, chromium, silicon,

or titanium being heated in the electric furnace, 1893-6), by

Readman and Parker (phosphorus from phosphates, sand, and

coke in an electric furnace, 1902), and by the "thermite"

process of Goldschmidt (1898), an intimate mixture of aluminium

powder and an oxide of iron, nickel chromium, manganese, etc.,

which on ignition by a thermo-detonator yields the metal and

alumina with evolution of much heat.

The manner in which of late years manufactories for the pro-

duction of the rarer elements and compounds have sprung up

is noteworthy ; we may instance those for the rare earth oxides

and elements (for Welsbach " mantles," etc.), as well as the new
factory in London for uranium and radium compounds. The
use of potassium cyanide in gold and silver extraction is a

metallurgical improvement which has now been applied for

many years.

The technical history of a few gaseous elements is also in-

teresting ; chlorine, for example, was manufactured on modern

lines by Weldon (1868) from pyrolusite, an important addition

being the Weldon-Pechiney method of recovering the man-

ganese (1882); another method (decomposition of HCl by

heated copper salts) was devised by Deacon (about 1880), while

at the present time a large amount of chlorine is produced in

the Kellner-Castner electrolytic process for caustic soda from

brine (see § 2).

Finally, nitrogen and oxygen are now exclusively prepared by

the fractional distillation of liquid air, the older methods of

depriving air of oxygen by barium oxide (Brin, 1881) and re-

covering the oxygen from the barium peroxide formed, having

failed to compete successfully with the newer process.

§ 2. The Alkali, Sulphuric Acid, Vinegar and similar

Industries—We have next to deal with a number of industries

which usually go by the name of *' chemical manufactures," and

1
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we may take the " soda industry " as one of the most important

instances. Sodium and potassium carbonates were made in

olden days by incinerating sea-shore plants ("barilla"), but

towards the close of the phlogistic period search was made for a

better method. The clue to this improvement was supplied by

Guyton de Morveau in 1782, who showed that soda is formed

when Glauber's salt is heated strongly with coal and iron.

Leblanc (1787-91) based his process upon this observation,

preparing the sulphate from common salt and then heating it with

coal and chalk, finally obtaining the carbonate from this by

washing with water. The system was first worked in England

by Muspratt in 1824.

Some fourteen years later Dyar and Hemming took out a

patent for obtaining soda crystals from common salt by the

action of carbonic acid in the form of ammonium carbonate.

This was improved by Solvay in 186 1 and adopted in 1874 in

England at Brunner, Mond & Co.'s works. Finally, Har-

greaves and Bird (1896) have introduced an electrolytic method

for soda production from salt, using a special electrode per-

meable to sodium ions, but not to brine, and supplying a stream

of carbon dioxide externally to the electrodes whereby the

product obtained is soda crystals or simply caustic soda as

required.

These two last methods have cheapened soda-fabrication to

such an extent that the Leblanc process is now only valuable

for its bye-products—hydrochloric acid, first collected as an

aqueous solution from the conversion of the salt to sulphate by

Gossage (1836), and sulphur and sulphides of calcium, utilized

by the recovery processes of Chance (1888) and others.

Caustic soda itself used to be made technically (from 1850

onwards) by " causticising " soda solutions with lime, filtering

from chalk and concentrating. About 1885 the Castner-Kellner

process of electrolysing brine with a movable mercury cathode

came into operation ; the mercury is first made to act as cathode

and then decomposed by water by mechanical oscillation. Later
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processes have all been modifications of the electrolytic prin-

ciple.

We have just indicated the chief source of hydrochloric acid
;

of the other two most important mineral acids there is little

of note in the preparation of nitric acid (for which Boyle gave

the first technical directions) except the recent electrical methods

mentioned in the next paragraph. The means of producing oil

of vitriol, on the other hand, have varied a good deal. First

manufactured by the Nordhausen method (distillation of

green vitriol) in alchemical times, a great improvement was

effected in its fabrication by Roebuck (1746) at Birmingham,

Gay-Lussac (1824), and Glover (1841), who evolved between

them the " lead chamber process ". More recently this has

been in part superseded by the " contact process," in which

sulphur dioxide and oxygen unite by the catalytic action of

finely-divided platinum. A patent covering this method appears

under the name of Philips as far back as 1831, but it was not

till about 1875 that a practical paying process was devised

(Winkler, Knietsch). Since 1900 the Badische Anilin und Soda
Fabrik have improved it in various directions, such as eliminat-

ing traces of arsenic (which " poisons " the platinum) from the

mixed gases, and employing sulphates of cerium, lanthanum, and

other rare earth metals as additional catalysts.

Of other inorganic chemicals produced in large quantities

" chloride of lime " (bleaching powder) may be mentioned.

The commercial process was designed by Thenard in 1799 and

carried out by Tennant & Co. in England. About the same

time Berthollet introduced his " Eau de Javelle " (aqueous

sodium hypochlorite). It may be remarked that the constitu-

tion of bleaching powder was quite unknown till about 1835,

when Balard suggested the formula CaCl(OCl).

Turning to the more common organic products, we find that

alcohol (" spirits of wine," " aqua vitae ") has been obtained

from wines from the earliest times by simple redistillation,

though in this way it never attained a strength of more than

\
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92 per cent. During the past century, and more particularly

since about 1875, when the phylloxera began to increase its

ravages amongst vines, beet-sugar and potatoes have been the

source of most of the alcohol supply. Still-heads for im-

proving the fractionation process are due to Argand, Adam,
and Blumenthal ; Gay-Lussac systematized alcohol analysis

(" alcoholometry ") in 1824.

The essences or ethereal oils (in many cases ethyl esters)

have always formed a branch of chemical industry, but as the

improvements deal chiefly with mechanical appliances for ex-

pressing or distilling the different plant-juices, we will merely

remark here that Vaudin introduced vacuum distillation into

essence works in 1879, and that since 1885 Schimmel &
Co. have been the pioneers in this branch of the technical

science.

Vinegar used to be made from alcohol by Boerhave's fer-

mentation method (1720), known as the " slow " or " Orleans

process"; in 1823 Schiitzenbach and Wagemann introduced

the German or quick vinegar process. Acetic acid itself was

first made on a large scale by distillation of wood by the patents

of Kestner and of Halliday (1848), the purification of the

pyroligneous acid by lime being due to Mallerot.

• Cane-sugar came originally from Asia and was introduced to

Southern Europe and Africa by the Moors ; thence it was trans-

ferred to the Central American islands by the Spanish and

Portuguese colonists, and at the present day it is a decaying

industry in those regions, owing to the introduction of beet-

sugar. The presence of sugar in beet-juice was discovered by

Marggraf in 1747, but the first technical means of extracting it

were found by Achard in 1779. The first factory was started

in France in 1796, and until about 1836 the bulk of the

beet-sugar came from French soil ; since then, however,

Austria-Hungary, and especially Germany, have taken the lead.

Filtration of the raw juice through mineral charcoal was intro-

duced by Figuier (181 1), evaporation of the syrup under
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reduced pressure by Howard (1813), and the modern diffusion-

process by Roberts in 1866.

Finally, soap was made by the action of alkalies on fats by

the Greeks and by even more remote peoples. Its passage

westward is marked by the Spanish and Italian soap works of

the eighth and those in France of the twelfth centuries. Resin

soaps date from about 1845. For the last fifty years or more

the glycerine simultaneously resulting from the saponification

has been worked up as a bye-product ; since 1870 it has been

purified usually by distillation with super-heated steam, and in

a vacuum. At about that date, too, the fat-hydrolysis began

to be conducted under pressure. We must not omit the fact

that Chevreul's remarkably thorough researches on fats (about

1 810) have been of the greatest benefit to technologists.

§ 3. Some recent Electro-Technical Methods—Besides

electrolysis and the isolation of refractory elements in the elec-

tric furnace there has been a notable development of late years

of electrical methods for producing artificial nitrogenous man-

ures and commercially useful metallic carbides, and therefore a

brief summary of these may be of interest. Dealing first with

the " fixation of nitrogen," it should be observed that Berthelot

in 1855 accurately predicted the four most valuable lines along

which to prosecute research in this direction. Within the last

few years atmospheric nitrogen has been brought into com-

bination as follows by processes more or less applicable on the

large scale :

—

(a) ^5 Oxides of Nitrogen.—Lefebre (1859) and Meissner {1863) found

that "sparking" air mixed with oxygen was of little use, the products

re-dissociating as soon as formed. Crookes (1892) succeeded in obtain-

ing nitric oxide by the high tension arc, and practicable commercial

processes were at length devised by McDougall and Howbres (1900) and

by Birkeland and Eyde (1903) in Norway, who use a complicated arc

distorted electromagnetically and absorb the nitrogen oxides in lime.

(b) As Ammonia.—Mackay and Hutchison (1894) heated coal and

potassium carbonate in a current of air, and decomposed the resulting

cyanide by steam ; Kaiser (1900) devised a process whereby calcium
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hydride CaHg was transformed to the nitride Ca^Na by heating in nitrogen,

and this, heated in hydrogen, gave ammonia and the hydride again. De
Hemptinne (1900) combined nitrogen and hydrogen by the spark or silent

discharge at low temperatures, and Schlutius (1903) submitted " Dowson
gas" (from air and steam over red-hot coal) to the silent discharge in

presence of moist platinum.

(c) As Cyanides.—Farmes (1842) and Bunsen and Playfair (1847) found

that at high temperatures alkalies and coal yielded cyanides ; the Ampere
Electric Co. (1903) and N. C^ro (1906) pass nitrogen over a mixture of

coal and barium or calcium carbonates in the electric furnace, thereby

obtaining either barium cyanide Ba(CN)2 or calcium cyanamide
Ca : N . C : N.

(d) As Nitrides.—Mehrer heats oxides of boron, silicon or magnesium
with coke in the electric furnace; the resulting nitrides readily yield

ammonia with the moisture in the soil.

A contributing cause to these developments has doubtless

been the knowledge that the mineral supplies of nitrates and

other nitrogenous manures are limited and will certainly sooner

or later become exhausted.

Of technically valuable carbides we may notice that of cal-

cium, used to generate acetylene, first prepared by Wohler

(1862) by heating coke and an alloy of zinc and calcium, then

by Moissan (1892) by calcining lime and coal at 3000° C. in

the electric furnace. Moissan first obtained it pure in 1894.

Silicon carbide ("carborundum ") is also useful by reason of its

hardness; it was first prepared by Moissan in 1893 (from

silica and carbon).

§ 4. Glass, Earthenware, and Cements—These indis-

pensable aids to modern civilization were all known before our

era. Glass, which is manufactured to-day in many different

forms, soft or hard, ornamental or useful, was first made, as

far as is known, by the Egyptians (about 3000 B.C.). After

varying from Rome to Constantinople, the seat of the industry

became fixed for a considerable period in Northern Italy, where

considerable advances were made in the art of glass-colouring,

notably by the Florentine Neri {c. 1640). Glass has been

manufactured quite generally in the Western European
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countries since the seventeenth century. Of improvements in

its fabrication, we may note the introduction of plate glass by

de Nehan in 1688 (an improved process was devised by Pelouze

in 1856), the substitution of sand projected under great pres-

sure for hydrofluoric acid in engraving by Tilghman in 1870,

and the advances effected by Siemens in the fusion process.

Modern glass usually contains much more soda and corre-

spondingly less lime than the older varieties. In 1869 Em-
merling and Bunsen contributed some important work on the

solvent action of water, acids, alkalies, and various salts on

specific kinds of glass. The phenomenon of devitrification was

first observed by Reaumur, about 1770.

Earthenware, again, was certainly used by the Chinese as well

as by the Egyptians, but pottery impermeable to water has only

been known since the eleventh century of our epoch, while the

finer kinds of earthenware first appeared some 300 years later

(the Moors in Spain, and the Italians, notably L. della Robia,

1411-1430) ; Palissy's great improvements in this branch took

place about 1550. Porcelain was introduced from China about

1 600, and a century later Morin made efforts to reproduce the

Chinese excellence at Saint-Cloud ; Wedgwood was at the zenith

of his fame as a potter about 1750, and a decade or so later

the famous Sevres porcelain was first manufactured, owing to

the efforts of Reaumur, Macquer, and others. In 1800 Spode

commenced the custom, which has remained practically con-

fined to English potteries, of substituting bone ash for a part

of the kaolin or clay otherwise used. Of recent years Seger

(1892) has still further improved the manufacture of earthen-

ware, and much research has been carried on with the aim of

elucidating the chemical structure of clays.

There is not a great deal of interest attaching to the history

of cements ; four general classes are recognized at the present

time : lime, Roman cement, Portland cement (which is an

artificial mixture approximating in composition to the older

Roman kind) and hydraulic 1cements. The latter require the
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addition of water to make them " set " ; they were introduced

about 1 800 in England and contain lime with an abundance

of alumina. Improvements in hydraulic mortars were made,

notably by Winkler and Knapp, a few years ago ; theories of

the manner in which cements "set" by atmospheric action

have been discussed during the past quarter of a century by

Le Chatelier, Newberry, Rebuffot, and others.

§ 5. Paper, Matches, Heat, and Light—The use of

cotton fabrics for paper manufacture did not commence to

supersede the old papyrus and parchment in Europe till the

eleventh century, although in China it was used long previously.

The oldest mark on cotton paper is dated a.d. 1050. Paper

manufacture became general in France and Bavaria about

1400, but all paper in England was imported until 1588. In

1750 Baskerville produced "vellum paper". Later improve-

ments may be summarized as follows : the introduction of

machinery (1803), improved by Dickinson (1809); production

from different trees (palms, bananas, etc.) (1839-1851); pro-

duction from wood-pulp or straw (1846), rendered practicable

by the processes of Wolter (1867), Aussedot, and Tessie.

Paper used to be bleached by chlorine gas, but of late years a

better and safer electrolytic method has been adopted.

The first matches, other than the primitive flint and tinder,

were made of ^a mixture of potassium chlorate and sulphur

("chemical tinder," 1807), which was dipped in oil of vitriol

to effect ignition. Their use was not, it is believed, very

extended ! In 1833 Romerand Moldenhauer introduced phos-

phorus matches, while the original form of the modern safety-

match, in which red phosphorus is used (and usually only on

the prepared surface of the box), dates from 1848. Of late

years legislation has in some degree helped to eliminate the older

forms of poisonous matches, containing yellow phosphorus.

A very important modern industry is that of india-rubber

(first introduced into Europe in 1736), the raw material ema-

nating chiefly from Para, Peru, Central America, and the
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Congo. The most interesting development, chemically speak-

ing, is the process of vulcanization -by means of sulphur, dis-

covered by Goodyear in 1839. Many attempts have been

made to effect its synthesis, and Harries appears recently to

have succeeded.

The ancient source of heat for domestic purposes was wood,

and although coal was known to the Greeks and Romans it was

not greatly used as a combustible until towards the middle of

the eighteenth century, when the introduction of machinery

into the arts created a demand for a cheap fuel. Coke was first

manufactured in 1769. It is almost needless to point to the

uses made of coal-gas and electricity for heating purposes

during the last fifty years, but we may enumerate a few gas

fuels used for technical purposes at the present day, such as

"producer gas" (CO and Ng, by partial burning of coal in

insufficient air), •* water-gas " (CO and Hg, by blowing steam

over red-hot coke; a very hot flame, useful technically),

" mixed gas " (CO, H^ and Ng, by blowing air and steam over

burning coal; cheap and hence useful in small works), and
" Dowson gas," which is practically synonymous with the last.

The problem of illumination has several times had a curiously

beneficial effect by indirectly throwing light upon purely theo-

retical questions. A commission to improve the means of

lighting the Paris streets turned Lavoisier's attention to the sub-

ject of combustion, and again, Dumas' efforts to elucidate the

nature of annoying fumes emitted by chlorine-bleached candles

at a French state function led to his discovery of substitution

in organic compounds. Of general inquiries into the nature of

luminosity, Sir H. Davy's (inventor of the miner's safety-lamp)

and Frankland's have been most useful. With regard to specific

illuminants, candles made from tallow (stearic or palmitic acids

from fat by lime or, later, sulphuric acid) and subsequently wax

(solid paraffins and plant waxes) come first in chronological

order. Oils of varying kinds were also used—at first aromatic,

scented oils, and in more modern times, petroleum from
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Russian or American wells. At present the distillation of

petroleum ranks second in importance to that of coal, and

yields (in descending order of volatility) gasolines for motor-

engines, petroleum ether, naptha or ligroin for lighting and

solvent purposes, machine-oils, and finally, " heavy oils," semi-

solid greasy materials useful as lubricants. Caucasian petroleum

is made up mainly of hydroaromatic hydrocarbons, American of

aliphatic or paraffin hydrocarbons.

Finally we come to coal-gas, introduced in 1792 by Murdoch,

first made on a large scale six years later, and used in lighting

London streets by Winsor in 18 13. Experiments were made
intermittently and unsuccessfully from 1800 to 1850 to use

cheaper forms of gas, such as oil-, peat-, or water-gas. Tech-

nical improvements in coal distillation continued to be made
until about 1880, but since that date no fundamental change

has been made in the method as perfected by Lunge, which,

in its most efficient form, permits of the utilization of " raw

gases " (for heating), coal-gas, gas-liquor (source of ammonium
salts and sulphides), tar (to be re-distilled) and coke residue.

The distillation of the coal-tar (first carried out by Clayton

in 1738 and later, in France, by Lebrun in 1786) has grown to

be a most important industry ; the tar itself is used for protect-

ing iron, wood, ships, etc., against air and water, as an artificial

asphalte (mixed with sand), and in various other ways, while

its distillation products include benzene and many other aro-

matic hydrocarbons of boiling-points ranging from 80° to 300° C,
and technically important substances (especially to the dye in-

dustries) such as phenol, naphthalene, anthracene, pyridine,

carbazole, and a host of others.

The introduction of rare earth oxides in the form of " in-

candescent " mantles is due to Welsbach (1885) ; improvements

both in the composition of the film of oxide and in its mechani-

cal arrangement continue to appear.

§ 6. Dyes — Indigo, madderwood and a few mineral

colours such as minium, cinnabar, rouge, orpiment, realgar and
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galena were known to the ancients, judging from their writings

(e.g. Pliny). There is not much to record during the alchemistic

period, though isolated workers, such as Glauber, occasionally

investigated dyeing processes. The use of mordants (alum,

iron salts) became known during this epoch, but their precise

mode of action is even now imperfectly understood. Macquer

was the first chemist to look into this problem (1795). ^
table showing the chief mineral and other dyes manufactured at

the opening of the modern era may be useful :

—

^^^^CoLZ
^^^"^ Chemical Nature. Artificial Preparation.

Cobalt blue (smalt) — 1650 Schiirer (fusion of glass

and cobalt residues)

Prussian blue Fe4[Fe(CN)g]3 1704 Diesbach

Alizarin — 1750 From madder plant in

Europe

Zinc white ZnS 1790 Courtois

White lead Pb(C03)2 (basic) 1801 Th^nard

Schweinfurt green Cu(C2H302)2, 3Cu(As02)2 1814 Sattler

Ultramarine From sodium silicates and 1828 Guimet; Gmelin (for-

sulphur merly from lapis-lazuli)

The more recent history of organic dyestuffs is bound up, as

is well known, with the exploitation of the coal-tar products.

Faraday, Laurent, and Runge (1834) are prominent among
those who isolated valuable hydrocarbons from tar, while Hof-

mann (1843-5) discovered aniline and its homologues therein.

In 1856 Perkin obtained mauve (magenta) by the oxidation of

aniline with chromic acid, and since then innumerable synthetic

dyes have been produced, not only from coal-tar products

(though these form the basis of the most widely-applied

colours) but from other common aromatic substances as well.

We should note especially the device, very soon introduced,

of improving the solubility of a dye by increasing its acidity

(sulphonation) or basicity (alkylation). The evolution of the

various colouring matters can best be grasped by a chrono-

logical table :

—
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If we now add another summary, showing the theoretical

development of the formulae of the various parent compounds

concerned, it will be unnecessary to emphasize further the

dependence of modern industry on the research laboratory :— i

Class of Substance. Chief Investigations.

Aniline and homologues 1834 Mitscherlich (CgHgNOg) ; 1834 Runge ; 1841 Zin

1852 Bechamp (CgHgN H2) ; 1845 Hofmann and Mi

pratt
(
p-Toluidine)

Azo-bodies Griess, 1859 (diazo reaction) ; 1862 (diazoamidobenzeii

1866 (amidoazobenzene)

Indigo Constitution by Baeyer and his students, 1865-1874

Alizarin Constitution and subsequent synthesis by Graebe a

Liebermann, 1868

Acridine Constitution and synthesis by Graebe and H. Care, ih

Triphenylmethane Constitution and synthesis by Kekule an 1 Franc

mont, 1872

Phenazine Constitution and synthesis by Claus, 1873

Phenthiazine (thiodiphenyl- Constitution and synthesis by Bernthsen, 1888

amine)

Phenoxazine Constitution and synthesis by Bernthsen, 1887

Flavones and Xanthones Constitution and synthesis by St. v. Kostanecki, A.

Perkin, 1895- 1905

§ 7. Explosives—Van Helmont, whose explanations of

chemical processes have several times attracted attention by

their clearness, ascribed the characteristic effect of exploding

gunpowder to the production of much gas ; study of the evolved

gases in this and other explosive reactions was not greatly en-

gaged in, however, until the nineteenth century, during which

their composition under varying conditions was made the sub-

ject of research by Debus, Bunsen, Abel, Nobel, and others.

Berthelot's work on the thermo-chemistry of explosives is very

important.

Of the individual members of this class gunpowder has of

course been longest known, having been employed in fireworks

by the Chinese and Moors. After its rediscovery by Schwarz

in 1334 it came to be employed in warfare by the occidental



THE APPLICATION OF CHEMISTRY 171

nations. It has remained practically the only explosive in

which the oxygen necessary for combustion is supplied by

means of an added substance (the nitre), unless we include a

disastrous attempt of Berthollet's (1786) to substitute chlorate

for nitre.

The more modern type, which consists usually of a carbon

compound containing sufficient easily available oxygen for

complete combustion, includes the fulminates, discovered by

Howard (1800), characterized by Liebig and introduced as de-

tonators by Ure (1831) ; the picrates, investigated by Fontaine,

Designolles, and Abel ; nitrocellulose (gun-cotton), discovered

by Braconnot in 1823, and prepared by Schonbein in 1846

(Pelouze (1838) suggested its use in artillery, but much difficulty

was found in manipulating it until in 1886 Vieille discovered

the secret of detonating it safely) ; and nitroglycerine, first

produced by Sobrero in 1847. The latter was first applied as.

dynamite (after absorption in kieselguhr) in 1862 by Nobel,

Abel, Champion, and others, while mixed with gun-cotton it

has been applied by these chemists and others, such as Vieille

(1884), to the fabrication of smokeless powders (e.g. Nobel's

mixture (1890) of gun-cotton, dynamite, and gelatine).



.^PTER X

THE HISTORY OF PHYSICAL CHEMISTRY

We have to deal in this chapter with the direct appUcation of

physics to chemistry, and within the last thirty years so much
progress has been made in this region that the bulk of the work

which we shall chronicle will have been carried out during that

period.

At the outset we should note that the basis of the whole

science rests on two " laws "—the conservation of mass and the

conservation of energy.

The first of these was proved by Lavoisier when he showed

that in chemical reactions matter is never either created or

destroyed, but quite recently (1893- 1908) elaborate experiments

have been carried out by H. Landolt in order to test how far

the law is an accurate expression of fact, the final result being

that it is rigidly correct to within the limits of one part in ten

million.

The accompanying doctrine of the conservation of energy is

due more to Mayer and to Joule (1842) than to any other

physicists, though not a few workers dealt with the subject in

the earlier part of the nineteenth century.

§ I. The Physical Chemistry of Gases—The first to

realize the varying chemical nature of different gases were van

Helmont (who introduced the term "gas" about 1620) and

Rey (who showed that air possessed weight in 1630). The

relation of the volume of gases to external pressure was dis-

covered by Boyle (1660) and Mariotte (1670), while the effect

172
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of temperature was quantitatively investigated by Charles (1785)

and Gay-Lussac (1808). Dalton (1807) showed that, in any

mixture of gases, each exercised its own "partial pressure"

independently of the rest. Again, in 1808, Gay-Lussac found

that the volumes of reacting gases always bore a simple ratio to

each other and to the volume of the products (if gaseous), and

this served in certain cases to contradict Dalton's atomic hypo-

thesis (cf. p. 33) until in 181 1 Avogadro put forward the

hypothesis that equal volumes of gases contained equal num-

bers of molecules (Ampere attempted to extend the same

hypothesis to solids, with indifferent success, a few years

later).

In the meantime, from a purely physical standpoint, others

were developing the kinetic theory of gases. The idea that

gas particles are in motion was expressed by Bernoulli (1738)

and Herapath, but a physical estimation of their mean velocities

was first made by Joule in 1851. The modern kinetic theory

of gases was practically stated by Waterson (1845) in an un-

published paper which was only brought to light in 1892 by

Lord Rayleigh, and consequently the fame of evolving the

theory rests with Clausius (1857) and Maxwell (i860). From

this in 1 88 1 van der Waals constructed a modified form of the

"gas-equation" PV = RT (Horstmann), which should express

the deviations from Boyle's and Gay-Lussac's laws shown by

readily liquefiable gases, and also to a smaller extent (Amagat,

1880) by the then-called permanent gases (nitrogen, hydro-

gen, oxygen). This equation,

(
/> M

—

-\{v - b) = RT (where a and h are specific constants),

is so accurate an expression of fact that by its means, on the

one hand, Guye and Friedrich were able in 1900 to deduce

practically coincident values for the "gas-constant" R from

measurements of different gases, and, on the other, Daniel Ber-

thelot (1899) has theoretically calculated the atomic weights of
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various elements from the densities of their compounds (or of

the elements themselves) determined by Regnault (1845), Lord

Rayleigh (1888), and others. The values so obtained agreed

excellently with those from chemical data.

The liquefaction of gases was a subject of careful study by

Northmore (1805), who liquefied chlorine, and by Michael Fara-

day (1823), who condensed ammonia, sulphur dioxide, and other

gases by the combined application of considerable pressure and

a freezing mixture. His principle was improved by later workers,

such as R. Pictet (1877), Cailletet (1877), Wroblewski and

Olzscewski (1883), and, finally, Dewar (1884), by increasing

the pressure and the degree of cold, so that all the known gases

(even the so-called permanent ones), with the exception of

hydrogen and helium (discovered later), had been liquefied by

1885. Dewar succeeded in liquefying hydrogen in 1898, and

in the meantime a new principle (Hampson-Linde, 1895, the

intense cooling of a gas by its own expansion when already

cooled under great pressure) led to the cheapening of liquefac-

tion processes. Finally, H. Kammerlingh Onnes condensed

helium in 1908 to a colourless liquid boiling at 4-5" Abs., and

has also obtained it in the solid state.

In 182 1 Cagniard de la Tour noticed that many gases could

not be liquefied above a certain temperature by any pressure,

and in 1869 Andrews minutely studied the phenomenon and

found that for each gas there existed a temperature above which

no amount of pressure would condense it ; he called this the

critical temperature and the pressure necessary to produce lique-

faction at that temperature the criticalpressure, while the specific

volume of the liquid formed was the critical volume. Much
important theoretical work has since been carried out on the

critical data, notably by Mendelejew (1884) and by Ramsay and

Young (1894).

Finally the decomposition of some gases by heat and their

reformation on cooling was studied by Deville in 1857 and

named " dissociation ". About the same time Kopp and Kekule
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observed the effect and set it down to partial decomposition.

( iaseous dissociation has been studied quantitatively by methods

of effusion (sal ammoniac, Pebal, 1862), colorimetry (phosphorus

pentachloride, Deville ; nitric peroxide, Salet, 1868), and specific

heat (nitrogen peroxide, acetic acid vapour, Berthelot and

Ogier, 1882).

§ 2. Crystallography—This sub-science, so important for

mineralogy, was given a definite shape by Rome de LTsle, Hauy,

and Werner, who in the early years of the nineteenth century

classified crystals according to physical form and assumed that

difference in form entailed difference in chemical composition.

This was overthrown later by Mitscherlich's discovery of poly-

morphism (182 1). Later crystal-systems, by means of which

all crystal-forms were finally divided into thirty-two geometrical

classes, are due to Hessel (1830), Gadolin (1867) and P. Curie

(1884).

In 1888 Reinitzer noticed that cholesteryl benzoate, before

melting to a clear liquid, passed through a turbid or milky phase,

and in 1890 other instances were observed by Gattermann.

Lehmann (1890) found that the turbid liquid rotates the plane

of polarized light, and must therefore be doubly-refracting and

possess crystalline structure. Such substances are said to be

liquid crystals^ and although Tammann (1901) disputed the

crystalline structure, the previous explanation is usually adopted

at the present time.

The relation of crystalii?ie form to chemical composition has

naturally been the subject of much study. In 1846 Buys-Ballot

stated that the elements and simpler compounds tended to

crystallize in the simplest forms (regular and hexagonal) and

more recently Retgers has statistically demonstrated the truth

of the proposition (1892). Before this, however, Mitscherlich

discovered isomorphism (18 19), following on Gay-Lussac's and

Bendant's observations on the growth of potash alum in am-

monia alum, and of ferrous sulphate in copper sulphate solutions

respectively. Mitscherlich based his views of isomorphism on
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phosphoric and arsenic acid salts, selenic and sulphuric acid

salts, and the alums and oxides of iron, chromium, and aluminium,

and, with Berzelius, held that isomorphous bodies contained

similar atomic structures—a point utilized by Berzelius to assist

in determining atomic weights. Fuchs, similarly, discussed the

constitution of isomorphous minerals (1872).

Finally, reference must be made to Mitscherlich's further dis-

coveries of^ dimorphism and polymorphism (1821), and to

Scherer's use of the term polymeric isomorphism (when atoms

had been replaced by an atomic group to form an isomorph).

Kopp's work on the specific volumes of isomorphs is note-

worthy.

Other interesting points are the phenomenon of isogonism or

hemihedry observed by Pasteur in 1861, wherein the slightest

change of constitution (change of asymmetric configuration)

causes a similar change in the position of the crystal facets, and

that of morphotropy, studied by Groth (1876)—the definite

alteration of form caused by definite substituents in organic

compounds, especially in the aromatic series.

In conclusion, we have to describe the comprehensive theory

recently elaborated by Barlow and Pope (1906), who "regard

the whole of the volume occupied by a crystalline structure as

partitioned out into polyhedra, which lie packed together in

such a manner as to fill the whole of that volume without in-

terstices. The polyhedra . . . are termed the spheres of

atomic influence of the constituent atoms." The crystalline

forms of many of the elements and simpler compounds, at all

events, agree with the postulates of this theory, which is also

capable of furnishing a steric formula for benzene expressing,

according to the authors, all the necessary chemical facts (cf.

chap. vi. p. 99).

§ 3. Solutions—The study of mechanism of solutions has

almost always been developed from an electrolytic point of view,

and therefore we may pass over the earlier history of this branch

by referring to the theories of electrolysis dealt with in chap, iv.,
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§ 4. We are thus left with the discussion of the osmoiic

pressure of solutions, a field opened up by the work of Pfeffer

(1877) who made use of Traube's "semi-permeable mem-
branes" (1867). Pfeffer found that substances in solutions

obeyed definite laws with reference to their osmotic pressure,

etc., but it was van 't Hoff who first perceived that dilute

solutions are amenable to the same laws as gases, and that

hence, among other corollaries, it follows that the molecular

weight of a dissolved substance is related to the vapour pressure

of the solution. This led to the determination of molecular

weights by lowering the vapour pressure of a solvent (Raoult,

1887) or, what amounts to the same, lowering of freezing-

point or elevation of boiling-point ; it then appeared that

solutions of electrolytes in water gave abnormal values for the

molecular weight, and this found an explanation in Arrhenius'

ionic theory (1886), which assumed that ions exist ready formed

in dilute solution, the electric current exerting simply a directive

effect.^ This does not, however, afford an absolutely perfect

explanation, and it seems likely that the final theory of solutions

will be a combination of Mendelejew and Arrhenius' theory of

hydration of ions and molecules (1888) for concentrated solu-

tions, with the ionic theory for dilute solutions and electrolysis.

The electrical conductivity of solutions has been the subject of

experiment ever since Hittorf (1853-9) determined the " trans-

port numbers " for the migration of the ions and Kohlrausch

(1879) discovered, first, the relation of the " transport number "

to conductivity (1879) and then the law of the "independent

migration of the ions" (1885), whereby the total conductivity

of a solution was shown to depend upon the sum of the two

ionic velocities. The conductivity of acids (organic, Ostwald,

1878-87; Walden, 1891 ; very weak acids. Walker, 1900) has

been shown to be a measure of their "relative affinity," as

already described (chap. iv. p. 57), while that oi pure water

has been concordantly determined by the E.M.F. of an acid-

alkali cell (Ostwald, 1893), the hydrolysis of salts (Arrhenius,



178 A SHORT HISTORY OF CHEMISTRY

1893), and the rate of hydrolysis of methyl acetate in pure water

(van 't Hoff and Wiis, 1893), and finally, by direct measurement

(Kohlrausch and Heydwiller, 1894).

Amphoteric electrolytes (both acidic and basic, such as methyl

orange, sulphanilic acid, glycocoU, zinc hydroxide and other

feebly acidic metal oxides) have been studied by Kiister (1892),

Winkelblech (1901), J. Walker (i904),.and many others ; similar

fields have been opened by Hantzsch in the case oipseudo-acids

and dases {iSg6, cf. p. 104), and Noyes and Whitney on complex

ions ("double salts") in 1894.

Conductivity in solvents other than water has been investi-

gated by Tessorin (1896, formic acid), Carrara (1896, acetone)

and especially by Jones (1902-6) and by Walden (1901-6, tetra

ethylammonium iodide in liquid sulphur dioxide, sulphur oxy-

chloride, ether, etc. etc.), while Kahlenberg (1902-3) has

proved that the dissociating power of a solvent depends directly

upon the magnitude of its dielectric constant.

Finally, Nernst has recently given theoretical explanations of

" Volta's pile " and of the ordinary galvanic cells by mean's of a

diffusion theory based upon van 't HofPs theory of solutions.

The solutes we have so far dealt with are all crystalline sub-

stances, but we must now refer to another branch of soluble

bodies, the colloidal substances. The purification of these has

been rendered possible by the process of dialysis^ discovered by

Graham in his researches on diffusion.

The phenomenon of diffusion seems to have been first noticed

by Parrot in 181 5, and a mathematical treatment of the subject

appeared by Ficks in 1855. In the meantime the different

rates of diffusion and effusion of gases had been studied by

Graham in 1851, and later the same chemist extended his ob-

s.ervations to the diffusion of dissolved bodies through animal

membranes. He found that these were permeable to one set

of substances (crystalloids) and impermeable to others such as

dextrin, silicic acid, tannin, which he termed colloids (1862).

Work on osmosis by Jolly, Briicke, and Pfeffer (1877) proved

I
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that the osmotic pressure of such bodies was very small, and

consequently their molecular weight should be enormously large,

that of many being greater than 10,000 (Linebarger found by

osmotic pressure measurements in 1892 that tungstic acid, one

of the simpler colloids, possessed a molecular weight of 1 700-

1720; (H2W04)7=i75o). Much work has been done of late

years on this subject (especially by Bredig, 1903, and Billitzer,

1903), but the structure of colloids remains very uncertain indeed

and we will therefore simply recall Sabarejew's division of col-

loids (1891) into those of molecular weight greater than

30,000 (starch, silicic acid, iron hydroxide, etc.), and less than

30,000 (dextrin, tannin, molybdic acid, etc.).

§ 4. Molecular Weight Determination—It may be use-

ful to give a summary of the physical methods lately developed

for its estimation of molecular weight ; these depend mainly on

determination oi vapour density or of osmotic pressure (direct or

indirect).

{a) Vapour Density Methods.—The theory of these methods

depends of course mainly upon the application of Avogadro's

hypothesis ; it must be remembered, however, that, while in

former times the approximate determination of vapour density

was made to serve as a check on the multiple of the chemically-

determined equivalent which was to be accepted as the true

atomic or molecular weight (Cannizzaro, 1858), more recently

the application of van der Waal's equation (D. Berthelot, 1899)

has led to exact determinations of molecular weight by gas

density in numerous instances.

Four different principles have been utilized in succession for

the experimental determination of vapour density :

—

Measurement of the weight of a given volume of an already

gaseous substance (Regnault, 1845; Lord Rayleigh, 1888-

;

Leduc, 1892-8; Morley, 1895).

Measurement of the weight of a given volume of vapour

(Dumas, 1827 ; applied by Dumas and by Mitscherlich to the

elements sulphur, arsenic, phosphorus and mercury).
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Measurement of the volume of a given weight [Hofmann,

1868, designed an improved form of Gay-Lussac's apparatus

(1801), which was further modified for high temperature work by

Ramsay and Young (1885)].

Measurement of the volume of air (at atmospheric tempera-

ture and pressure) displaced by the vapour from a given weight

of substance (Victor Meyer, 1878). This has been found to be

most generally applicable, especially for very high temperatures

(up to 1900° C, Biltz, 1896; 1700° C, Nilsonand Pettersen,

1889). By this means the atomic weights of silicon, beryllium,

thorium and germanium, amongst others, have been established

from the vapour densities of their chlorides, while the dissocia-

tion of compounds like aluminium' chloride (AlgClg) and stannous

chloride (SngCy into simpler molecules has also been studied

(V. Meyer, Nilson and Pettersen).

[b) Osmotic Pressure Methods.—The discovery of the con-

nexion between osmotic pressure and molecular weight was re-

corded in the last paragraph, and some account will now be

given of the practical application of the principle. Guldberg

(1870) and van 't Hoff (1886) independently deduced from the

laws of vapour pressure that the depression of freezing-point

and elevation of boiling-point were both proportional to altera-

tions of vapour pressure, and it appeared later that both depend

on the osmotic pressure, and hence, on the molecular weight of

the solute. This led to four new methods of molecular weight

estimation :

—

(i) Direct Measurement of Osmotic Pressure of Solutions.—
This is chiefly of theoretical interest, since it is difficult to

obtain a great degree of accuracy. Pfeffer (1877) used semi-

permeable membranes of cupric ferrocyanide, Tammann (1888)

utilized drops of potassium ferro-cyanide in copper sulphate

solution, and de Vries (1888) taught how to prepare isotonic solu-

tions by observation of the behaviour of certain plant-cells therein

(plasmolysis), and obtained in this way a good determination of

the molecular weight of raffinose (CigHggOig).

I
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The Earl of Berkeley and Hartley (1906) have recently made
important additions to the knowledge of osmotic pressure,

(ii) Indirect Measurement of Osmotic Fressu?-e of Sohitions.—
1. Lowering of vapour-pressure of solvent (Raoult, 1887;

also difficult to manipulate with sufficient accuracy).

2. Depression of freezing-point of solvent. Blagden (i 788)

and Riidorff (1861) noticed that the depression was proportional

to the amount of dissolved substance; Coppet (187 1) and

Raoult (1882) saw that molecular amounts of different solutes

depressed the freezing-points of a given solvent to the same

extent; Beckmann (1888) devised a convenient form of ap-

paratus with a specially delicate thermometer, in both of which

sundry alterations have been made by later workers ; and Ver-

net and Abegg (1894) further developed the mathematical

theory of the process.

3. Elevation of boiling-point of solvent (Beckmann, 1889).

The last two methods have found a great sphere of utility.

§ 5. Relation of Physical Properties to Chemical Con-

stitution : {a) Mechanical—Here we have to deal once

more with a problem whose general importance has only been

realized within the last twenty or thirty years, namely, the

dependence of the physical properties upon the constitution of

compounds. It is now, however, generally admitted that this

is a subject of extreme importance to the development of

theoretical chemistry. A definite systematization of such pro-

perties was not known until Ostwald in 1891 defined them as

additive^ depending simply on the atomic composition of the

molecule-

—

mass is the only perfect example

—

constitutive (in-

fluenced by the mode of union of the atoms

—

optical activity

and absorption spictra are perhaps the most striking instances)

and colligative (depending on the number of molecules

—

vapour

density^ osmotic pressure, etc.).

We shall now proceed to give a very brief and necessarily

incomplete resume of the development of the present views on

different types of properties, and will commence with those
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which, for want of a better name, may be called mechanical

properties.

(a) Specific Gravity ; Specific and Molecular Volume.—The
methods devised by physicists for measuring the density of gases

have already been summarized ; the specific gravity of liquids

used to be generally measured by the specific gravity bottle,

but more refined methods have been introduced by Sprengel

and Ostwald (1873, the pycnometer), and by Kohlrausch and
Hollwachs (1894, the areometric method, based on Archimedes'

principle). The density of solids is not so easy to obtain with

perfect accuracy, but the principles chiefly used have been that

due originally to Archimedes, and that whereby the solid is

made to swim free in a liquid mixture, whose composition

is suitably adjusted by means of a heavy component (e.g.

methylene iodide) and a light component (e.g. benzene). This

device was brought to a high degree of perfection by Retgers

in 1889.

The specific volumes of elements and compounds were first

systematically studied by Kopp (1842- 185 5), who claimed that

it was a purely additive function. Later work by Schroder

(1880), Lossen (1882), Horstmann (1886-8), and others, not-

ably Traube, has shown that although Kopp's view is roughly

correct, definite modifications are introduced by constitutional

influences. Researches on the specific gravity of liquid mixtures

(Linebarger, 1896) have also proved interesting, since in many
cases evidences of " association " or loose molecular combination

have been found.

[b) Surface Tension.—The phenomena of capillarity were ex-

plained by Young in 1804, and attention has frequently been

paid to the property since, its measurement having been eff'ected

by Laplace, Gay-Lussac, J. Traube (1891), van der Waals (1894),

and others. The temperature coefficient ~-^ has been

shown to be constant for nearly related members of the same

homologous series and its utility as a means of testing the
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molecular complexity of liquids has been proved by Eotvos

(1886), and by Ramsay and Shields (1893).

(c) Internal Friction.—The viscosity of gases has been chiefly

studied, from a physico-chemical standpoint, by L. Meyer

(1879), and Staedel (1882), while much work has been done

with respect to solutions by Ostwald (1891), who designed a

convenient viscometer, and to liquids by Thorpe and Rodger

(1894-6), and to liquid mixtures of many types by Dunstan

(1904 onwards) and his students, and in lesser degree by

numerous other workers. The fact that molecular association

can take place in solid as well as in liquid mixtures has been

shown by Trouton and Dunstan (1908) in the case of certain

alloys, the method used being the stretching of a wire of the

substance in question by a given weight.

{d) Melting-point.—Attempts have from time to time been

made to give quantitative rules for melting- and boiling-points,

but with very little success. The most notable regularities

are that the property is affected very little by pressure (Kelvin,

1850) ; that several series of organic acids are characterized by

the melting-points of the odd members of the series lying on

one curve, while those of the even members are on another

(Baeyer, 1877) ; that in aromatic compounds, nitro-substituents

melt higher than bromo-derivatives, and these, again, higher

than the corresponding chloro-bodies (Petersen, 1874), and a

para-substituted compound melts in general higher than either

the meta- or ortho-derivative (Beilstein, 1886).

The only accurate methods of melting-point determination

are the immersion of a delicate thermometer in a large amount

of the heated solid, or of the super-cooled liquid (Landolt, 1888).

[e) Boiling-point.—Kopp sought to show that equal differ-

ences in constitution produce equal differences in boiling-point

(1845), but soon found that this was a very limited rule. Re-

gularities have been found also by ToUens (1869), Marckwald

(1888), Henry (1888), Earp (1893), and others; the general

result being :

—
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(i) Increase of molecular weight tends to increase the boiling-

point.

(ii) In organic isomers, the normal compound has the

highest, and the most compactly arranged molecule the lowest

boiling-point.

(iii) A substituent in a central position in the molecule

tends to volatility.

In 1 89 1 Vernon suggested that many irregularities were due

to polymerization and from the behaviour of different series

estimated the degree of polymerization of water, sulphuric acid,

sulphur, and other substances from their boiling-points. The
relation between boiling-point and critical temperature was

made clear by Thorpe and Riicker (1884).

§ 6. Relation of Physical Properties to Chemical
Constitution : {b) Electrical—We have already discussed

the most important electrical property (conductivity) in con-

nexion with the history of electrolysis (pp. 56 ff.), and we only

need refer here to the study of magnetism and of di-electric

constant. The former has been studied by Plucker (1857) and

by Henrichsen (i888) who found that all the organic com-

pounds he examined were diamagnetic and that the property

was mainly additive, although the ethylenic linking,— C : C—

,

exerted abnormal influence. Jager and St. Meyer (1897)

examined the magnetism of elements in compounds, more

particularly those of chromium, iron, and manganese.

Measurements of di-electric constant have been carried out

by Silow (1875) by the electrometer, by Nernst (1893) by the

condenser method, and by Drude (1897) by means of stationary

electric waves. The latter physicist and Walden (1906) have

carried out extensive work on the di-electric constants of many

organic compounds. Kahlenberg (1903) showed that the dis-

sociating power of a solvent upon electrolytes was connected

with the dielectric constant.

Thermal properties (specific heat, etc.) will be considered in

§ 9 of this chapter,
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§ 7. Relation of Physical Properties to Chemical
Constitution : (c) Optical—The history of oJ>fical actimty

having already received attention (p. in), we will pass on to

that of—
{a) Refractive Power.—The property of refraction of light,

known to physicists for a very long time, has more recently

been found to be one of the most useful physical guides to

chemical constitution. The earlier workers from a chemical

standpoint include Cahours and Deville ; the first formula for

molecular refractive power (-t(^2 ""')) ^^^ P^^ forward by

Gladstone and Dale in 1858 (Landolt, 1864); a second and

. /M «2 _ IX
^ J ^ ^more correct expression I — . -^—-^ j was deduced theoretic-

ally and confirmed practically by Lorenz and Lorentz in 1880.

Since 1880 the most prominent, but by no means the only,

worker in the field has been Briihl, who has shown that the

property is sufficiently additive to admit of calculation, since

the constitutive influences are so regular that numerical values

may in general be assigned to them. When, however, two

unsaturated groups occur side by side in the molecule anom-

alous refractivities are observed, and this is accounted for by

Briihl as being due to the " conjugation " of two groups rich

in residual affinity. Briihl has also been a notable worker in

connexion with molecular dispersion of light, a property found

to be more constitutive than refractive power.

{b) Magnetic Rotation.—In 1846 Faraday discovered that

any transparent substance in a magnetic field deflects the plane

of vibration of polarized light. This property has been very

thoroughly studied by Sir W. H. Perkin, who defined specific

and molecular magnetic rotatory power, and found the property

to be mainly additive, but in a small degree constitutive, and

showing anomalous values in the case of conjugated unsaturated

systems. There have been few other prominent workers in
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this section, but we may refer to Jahn's study of the additive

properties of the magnetic rotatory powers of ions (1891).

(c) Spectroscopy.—As long ago as the middle of the eighteenth

century the distinction of sodium from potassium salts by means

of their flame-colorations was known to Marggraf and to

Scheele, but more systematic examination of the spectrum was

entered upon by Wollaston (1802), Herschel (1822), and others.

The spectra of coloured flames were also studied by Miller

(1845), Swan (1856), and others, but it was not till 1859 that

Kirchhoff and Bunsen established the law that each chemical

element has its own characteristic spectrum. From that time

the discovery of new elements by the spectroscope has been

effected by Bunsen, Crookes, Lockyer, Ramsay, and others,

while various types of emission spectra (spark, arc, and phos-

phorescent) have been pressed into service. In 1863 Roscoe

and Clifton discussed the alteration of the spectrum of a sub-

stance by varying physical conditions and by change of consti-

tution. On the other hand, mathematical relations of the

spectral Hnes were sought for by Stoney (187 1), Maxwell (1875),

Lecoq de Boisbaudran (1889), and Rowland (1893-), and the

regular formation of some elementary spectra began to appear

evident. In 1885 Balmer produced a formula by which to

calculate the hydrogen spectrum, and in 1891 Kayser and

Runge gave similar expressions, but not quite so successfully,

for some of the metals. Twelve years later Riecke suggested

an analogy between the lines of a spectrum and the harmonic

vibrations of sound, and in 1 906 Stark by an extension of the

idea conceived the lines as the expression of electronic vibration

and deduced various electronic " atomic " formulae therefrom.

Such, briefly, is the development of our knowledge of the con-

stitution of spectra—a line of research which by co-ordinating

optical properties with the electronic theory of matter may

possibly in course of time furnish an explanation of the inter-

dependence of physical properties and chemical constitution.

Another equally fruitful field has been found in absorption
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spectra. Wollaston (1802) and Fraunhofer (1814) noticed the

first case of this in examining the solar spectrum, and with their

work as basis, astronomy has been able to determine the

qualitative composition of many of the stars and planets.

The absorption spectra of solutions of electrolytes and of

organic compounds have engaged numerous chemists, of whom
we have only space to mention a few. Ostwald and others

have shown that in dilute solutions each ion has its own definite

spectrum. The work on organic compounds concerns more

particularly the ultra-violet, invisible part of the spectrum, and

has been carried out by Kriiss (1883-8), Vogel (1891), Hartley

and Dobbie (1899), Baly and co-workers (1905), and many
others. Most of the research has been done in endeavours to

follow constitutional change by means of the property.

An interesting practical application is that made by Witt

(1876), Nietzski (1879), and others, who have based theories of

colouring and dyeing upon their observations. Witt introduced

the conception of chromophores or colour-producing groups and

chromogens or groups which must be attached to a chromophore

before the characteristic colour is exhibited. Schiitze (1892)

traced a connexion between colour and increasing molecular

weight.

{d) Fluorescence has been found to be almost as constitutive

a property as absorption spectra or optical activity. Notable

names in connexion with this property are R. Meyer (1897),

Kauffmann, and Kehrmann. Kauffmann applied to fluorescence

a similar explanation (of " fluorophores " and " fluorogens ") to

that of colour given by Witt, and, further, has found a relation

between the property and the disposition of " partial valencies,"

while Hewitt (1900) has observed that in very many cases

fluorescence is accompanied by a possibility of " double sym-

metrical " tautomerism in the molecule, and suggests that the

phenomenon is connected with molecular vibration due to such

dynamic isomerism.

§ 8. Photo-chemistry—The chemical action of the ultra'
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violet rays of light is important both in its connexion with

modern theory and in its practical applications in the direction

of photography, etc. Dealing with the latter aspect first, it

would seem as though the darkening of silver salts was known
to Boyle (who set it down to atmospheric influences), while

Schultze a few years later declared the effect to be produced by

light. Scheele examined the effect of the solar spectrum in

detail and found the action to be concentrated in the violet

part, and, finally, Ritter in 1801 ascribed it to the ultra-violet

rays. The development of photography, after its initiation

by Daguerre and Talbot in 1839, was especially furthered by

Ni^pce (collodion films, 1847), Bennett (bromo-gelatine films,

1878), and Lippmann (colour photography, 1892).

In the meantime other actinic chemical reactions were brought

to light, especially by Davy and Faraday (union of CO and

CI2 ; H2 and CI2 ; chlorination of marsh-gas, etc.), and a de-

tailed study of the mechanism of the process was made by

Bunsen and Roscoe (1857). Their results show^ed that such

actions were supported by certain light-waves in the ultra-

violet region, which in this way supplied the necessary energy

for the change. That energy was given up by the waves in

question followed from the fact that a given stream of the rays

lost all capacity for chemical action after passing through, for

example, a mixture of hydrogen and chlorine {photo-chemical

extinctmi).

It was also noticed that the action of light usually commenced
very sluggishly and then rose to a maximum {^photo-chemical

induction) ; this was explained subsequently on the hypothesis

that an intermediate product was first formed which was itself

responsible for the final more rapid rate of change. (Burgess

and Chapman, 1904, and Wildemann, 1902.) A similar prin-

ciple to this (the " latent action " of light) forms the basis

of the developing process, which has been explained as being

set up by the particles of metallic silver or of silver sub-

halide (Luther, 1899) produced in the first momentary ex-
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posure. Subsequent improvements in developing, toning,

fixing, etc., have followed as new organic reagents suitable

to these purposes have been synthesized.

Other more recent examples of actinic action are the decom-

position of various acids (succinic, tartaric, etc.) by sunlight into

carbon dioxide and simpler acids in presence of uranium oxide

(see Kamp, 1893), and the synthesis of indigo from an ethereal

solution of benzal-^-nitroacetophenone in sunlight (Engler and

Dorant, 1895). ^ .^^

§ 9. Thermo-chemistry—We have to deal here mainly

with the relations to chemistry of specific heat, latent heat, and

heat of reaction.

{a) Specific Heat of Gases.—Measurements of the specific heat

of a gas at constant pressure were made by Delaroche in 181 1,

but more accurately by Regnault (1853) and Wiedemann (1876).

Regnault's method is the most important for the value at con-

stant volume. The difference in the values (Cp - Cy = i '99)

has been used by physicists (e.g. Mayer, 1842) to determine the

mechanical equivalent of heat, but to chemists the ratio Cp : Cy

is more interesting, since this has been proved to furnish an

indication of the molecular complexity of the gas in question.

Methods for the direct measurement of the ratio are due to

Clement and Desormes (adiabatic expansion, 1815) and to

Kundt and Warburg (ratio of sound wave-lengths in the

experimental and in a known gas, 1876). The most famous

applications of this formula are for the monatomic gases mer-

cury (vapour), and helium, argon, and their congeners.

Measurements of the specific heat of gases at high temperatures

show that their heat-capacity remains constant up to 2700° C.

(Le Chatelier, 1881 ; Berthelot and Vieille, 1884).

{b) Specific Heat of Elements and Compounds.—In 181 8,

Dulong and Petit proved, though not very accurately, that

" the capacity for heat of many atoms is the same," namely,

spec, heat x atomic weight = 6*3

;

this rule was seized upon by Berzelius as a method of
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checking atomic weights—a sphere in which it has proved

exceedingly useful, although at first more credence was given

to deductions from isomorphism than from specific-atomic

heat. Neumann educed a similar rule for compounds in 1831,

and a possibility of removing some of the discrepancies of

the Dulong-Petit law appeared when Regnault (1840), Kopp
(1864) and others showed that specific heat in many cases

varied markedly with temperature. Remeasurement of anomal-

ous values such as those for boron, beryllium, silicon and carbon,

over an extended upward range of temperature has, in the hands

of Weber (1875), Nilsen and Pettersen (1880), and Tilden

(1905), led to the verification, within narrow limits, of the

Dulong- Petit law.

We must also mention work on the specific heat of liquids

and liquid mixtures, undertaken with a view to finding structural

influences ; this has, however, not received so much attention as

in the case of some other properties.

{c) Latent Heat.—The property of latent heat has been less

directly connected with chemical work than specific heat, but

we may recall that it was discovered by Joseph Black in 1762

and that Lavoisier more thoroughly investigated it. The de-

terminations of freezing-point by the method of supercooling

and in Beckmann's depression of freezing-point apparatus

are of course founded on the development of latent heat in

solidification.

[d) Heat of Chemical Combination.—Employing calorimetric

methods which nowadays appear somewhat crude, Lavoisier and

Laplace, and also Davy, concluded that the same amount of

heat is evolved in decomposing a compound as is absorbed in

synthesizing it, or conversely, according to whether the com-

pound is endo- or exo-thermic (a term introduced by Berthelot,

1865). In 1840 Hess put forward what are known as his

" Laws of constant heat summation," stating that the heat of

formation or reaction of a given chemical system is always the

same, and thus anticipating the deductions made from the
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principle of the conservation of energy (mechanical equivalent

of heat), stated a few years later by Joule.

Favre and Silbermann (1853) introduced improvements in

the calorimetric measurements, and Andrews, Graham, and

Marignac are notable amongst those who studied thermo-

chemistry after Hess' time. The most far-reaching work,

however, has been carried out by Julius Thomsen (since 1853)
and by Berthelot (since 1865).

Especially noteworthy are their observations that the heat of

neutralization of any strong acid by any strong base in dilute

solution is constant (a fact made clear later by the ionic dis-

sociation theory, the essential reaction being in all cases
+

H + 0H = H20 + 13700 calories), and their attempts to throw

light upon the constitution of benzene from thermo-chemical

data.

§ 10. Electro-chemistry—We may refer to chap. iii. § 7

for the history of the electronic theory, and the various theories

of electrolysis, to § 3 of the present chapter for further reference

to the conductivity of solutions and the theoretical problems

< onnected with galvanic cells, and to chap. ix. § 3 for the

application of electricity to metallurgy and technical chemistry

in general.

It may be remarked here, however, that the mathematical

treatment of the processes of galvanic current production was

commenced by Lord Kelvin (Sir W. Thomson) and worked

out by Helmholtz, van 't Hoff, Nernst (1889) and others, who

have applied it, not only to the simple concentration-cell,

but to the more complex elements of the common forms of

galvanic cells and to accumulators.

Of recent years electrolytic oxidation and reduction has re-

ceived inuch attention in view of the possibility of preparing

technically valuable organic substances thereby. Haber (1898)

has shown that the reduction of nitro-benzene can be carried

to practically any definite degree from azoxybenzene down to

aniline by regulation of the cathode potential, while, corre-
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spondingly, Davy-Henault (1900) found that, according to the

potential at the anode, aldehyde, or acetic acid, or higher pro-

ducts could be more or less quantitatively obtained by the

oxidation of alcohol.

In conclusion, a summary of the theoretically interesting

electro-syntheses of the simpler organic compounds may be

useful :—

Acetylene, methane, etc. ; Berthelot, 1868.

Hydrocyanic acid (from acetylene and nitrogen, as well as from

cyanogen and hydrogen) ; Berthelot, 1868.

Paraffins from fatty acids ; Kolbe, 1849.

defines and acetylenes from saturated and ethylenic diabasic acids

(respectively) ; Kekule, 1864.

Succinic ester, from potassium ethyl malonate ; Crum Brown and

J. Walker, 1891.

Ethane tetracarboxylic ester, from disodium ethyl malonate

;

Mulliken, 1895.

Keten from acetic anhydride ; Wilsmore and Stewart, 1907.

§11. Chemical Statics and Dynamics—We have seen

(chap. iv. § i) how the evolution of Wenzel's and Berthollet's

views on chemical affinity led to Guldberg and Waage's state-

ment of the law of mass action. Since their time, many re-

actions have been tested with reference to the characteristic

equation

V= KCjCa... - KiCi'Cai...

with the result that chemical actions have become susceptible

to mathematical treatment.

We will indicate the chief instances which have led to this

state of affairs, taking first of all the case in which the reaction

reaches a state of equilibrium, represented by the equation

CjC2 . . . = KCi^Ca^ . . . {chemical statics).

The following examples have served to point out the truth of

this law :

—
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The reaction Hg + Ig =^ 2HI Hautefeuille, 1867 ; Lemoine.iSyy.

The dissociation N^O^^ 2NO2 Natanson, 1885.

*The dissociation Sg ^ Sg Biltz, 1888-1902.

The reaction CaCO,^ COo + CaOl
rru .' nr^ -^ r^r^ .^

^Le Chatelier, 1888.
The reaction 2CO2 =^ 2CO + Og I

Ester-formation from acid andl Berthelot and Pdan de St. Gilles,

alcohol / 1863.

Mutual solubility of liquids
j
Berthelot and Jungfleisch, 1872.

Distribution of a substance be- j-Nernst, 1891.

tween two solvents
J
Hendrixson, 1897.

The methods used varied with the nature of the reaction

and embraced both chemical and physical determinations.

The distribution of a base between two acids, or vice versa,

has also been studied from this standpoint by Julius Thomsen
(thermo-chemically, 1854), Ostwald (dilatometrically and by
change of refractive power, 1878), Jellet (optical activity, 1875),

and Lellman and Schlesmann (absorption spectra, 1892).

On the other hand, the study of the rate of chemical change

by means of the law of mass-action (chemical kinetics) has

resulted in the classification of reactions according to the num-
ber of molecules taking part, each class possessing a character-

istic reaction constant. The first instance of this was the

inversion of cane-sugar, studied polarimetrically by Wilhelmy in

1850, and more recently by Ostwald and Arrhenius. Ostwald

(1883) has examined many other cases of salt or ester hydroly-

sis and his work has been supplemented by that of Walker

(1889) and Lowenherz (1894) who showed that the rate of

ester hydrolysis was affected by the acid, but not by the

alcohol, set free in the reaction. All of this tended to the

view that the determining factor of the hydrolysis was the

hydrogen ion, an idea further supported by the fact that all

such reactions appeared as bi-molecular changes.

*It has been proved incidentally that the only two forms of sulphur

vapour are Sg and Sg, others, such as Sg, S4, being simply mixtures of

these two.

13



194 A SHORT HISTORY OF CHEMISTRY

We will give here a few instances of the various types of

reaction studied in this way, the majority being uni- or

bi-molecular : a large number were collected by van 't Hoff

(" Etudes de dynamique chemique," 1884) :

—

Unimolecular—
Potassium permanganate and oxalic acid (in large excess)—Harcourt

and Esson, 1865.

Decomposition of dibromsuccinic acid—Van 't Hoff, 1884.

Decomposition of radium emanation—Mme. Curie, 1904.

Bimolecular—
Inversion of cane-sugar—Wilhelmy,j:85o.

R . COOEt + NaOH (action of OH ion)—Van 't Hoff, 1884 ; Ost-

wald, 1887.

CH2CI . COONa + NaOH = CH3(0H)C00Na + NaCl—Van't Hoff,

1884.

C2H5I + AgNOg—Chiminello, 1896.

Decomposition of polybasic acids—Knoblauch, 1898.

Termolectilar—
2FeCl3 + SnClg = SnCl4 + 2FeCl2—Noyes, 1895.

Quadrimolecular—
HBr03^+ HBr

| j^ ^^ ^^^j^^^ ^^^ ^ j^^^

26 + Br + Br03=HBrO +HBr02)
J

^°"' ^^^^'

Quinqiiemolecular—
aKI + 2K,Fe(CN),

^ ^^^^^^ ^^^ ^e Rossignol,

\

...I2Fe (CN)6 + 3I- =2 Fe(CN)6+ I3 J
'^os-

We have said that hydrolysis has been shown to be effected

by the " catalytic " action of ions, but catalysis is a term which,

although of long standing, does not mean much.

Many instances of chemical change which, if not altogether

suspended, were very slack in the absence of a definite assisting

substance, became known during last century. Such additional

substances, which passed through the reaction apparently un-

changed, were called catalysts.

Interesting additions to the knowledge of this subject were

made when Dixon and Baker (1884-6) showed that many

common reactions (union of hydrogen and oxygen ; hydrogen
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and chlorine ; ammonia and hydrochloric acid, etc.) did not

take place in the perfect absence of moisture, when Bigelow

observed a kind of inverse catalysis in that many organic

substances retarded the oxidation of sodium sulphite by oxygen

(1898) and when Hjelt (189 1) and Henry (1892) observed

cases of " auto-catalysis " (the rate of decomposition of sub-

stances increasing abnormally in consequence of one of the

products of decomposition acting as catalyst). Catalysis is at

present usually defined as the alteration of the rate of chemical

reaction by the presence of an independent substance.

§ 12. The Phase Rule—The manner in which the com-

ponents of a physical system can co-exist, and the transforma-

tions which such a system will undergo as the number of its

components, or their physical state, or extraneous conditions,

are altered, were summed up by Gibbs (1874-8), and ex-

pressed by a simple equation which has been called the

" phase rule ". In accordance with the rule numerous dia-

grams of different systems have been constructed, by means of

which the composition of such a system under given conditions

can be estimated. A very prominent worker in this field has

been Roozeboom, who has studied numerous systems from

1888 onwards, such as the equilibrium between water, ice, and

steam, between water and sulphur dioxide, between the different

hydrates of metallic salts such as ferric chloride or sodium sul-

phate. Roozeboom has endeavoured to depict the phase rule

as a complete mechanical expression of chemical reactions, but

van 't Hoff (1892) and Ostvvald (1897) agree that this is press-

ing its utility a little too far ! Nernst has expressed the general

conception of the equation when he calls it a " scheme into

which complete heterogeneous equilibrium fits ".

The sharp change of physical properties which denotes the

passage from one phase to another has been called the " eu-

tectic point " by Guthrie (1885), but van 't Hoff's term " transition

point " is of more frequent use. Guthrie's work was concerned

with the investigation of mixed melting-points.
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Similarly, Konowalow studied the vapour-pressure curves of

various liquid mixtures in 1881, and found that three different

types of curves existed : continuous, with a maximum, and with

a minimum point.

Van 't Hoff (1884-92) elaborated various other means for

determining the transition-point, such as the dilatometer method,

observation of sudden rise or fall in temperature, and study of

solubility curves; Stewart (1907) has used absorption-spectra,

and Dunstan and Thole (1908) viscosity.

Other interesting examples of phase-rule systems, besides

those due to Roozeboom, are the allotropic forms of sulphur

(Reicher, 1884), double salt formation (Reicher, 1887 ; Van

Hoff and Von Deventer, 1887), and the allotropic forms of ti

(white (metallic) and grey (non-metallic), Cohen, 1899). i



CHAPTER XI

THE PROGRESS OF EXPERIMENTAL METHOD

^ I. ImproYements in Chemical Apparatus—The con-

ditions under which a modern chemist works are (or should

be) ideal, when compared with those of a few generations ago.

In a well-equipped laboratory he has a generous expanse of

working space, abundance of clean, roomy drawers for his

apparatus and preparations, and water, gas, electricity, and

even " vacuum " laid on to his bench. The alchemists and

most of the phlogistonists were " apothecaries," and pursued

their researches as best they could in the back room behind the

shop, aided by a spirit-lamp or a charcoal fire, some home-made

glass flasks and bottles, and a water supply from the communal

pump. It is true that the wealthier chemists (e.g. Cavendish

or Priestley) fitted up better arranged laboratories for them-

selves, and not a few of the others managed to get under the

patronage of aristocrats overburdened with money, but the

majority of the old pioneers of our science had to shift for

themselves, and thereby very possibly made readier practical

chemists than the modern student who cannot blow a spherical

distilling bulb for love or money. The modern research labora-

tory emanated from Germany, and Wohler's at Gottingen (1830),

and Bunsen's at Marburg (1840), may be regarded as the first

buildings erected for practical instruction on modern lines.

Such laboratories have spread enormously, of course, since

then, and now, in addition to purely academic institutes, the

197
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foremost technical works have their own research and testing

laboratories, supervised by chemists.

Much time used to be wasted by chemists in collecting

material as a basis for their research, but this is obviated nowa-

days, since several firms find it worth their while to devote

themselves to the manufacture of pure chemicals for such

purposes.

With reference to details of apparatus the following summary
will show how comparatively recent is the introduction of

numerous small inventions which at the present time seem

indispensable :

—

Marggraf. Use of microscope for crystals, flame tests for sodium and

potassium.

Bergman. Use of blowpipe in mineral analysis.

Berzelius. Perfected the use of the blowpipe (inner and outer flames, with

borax, cobalt, etc.) ; introduced rubber tubing, water

baths, etc.

Liebig. Introduced the usual glass water-jacketed condenser first

used as a '• reflex " by Kolbe and Frankland.

Bunsen. Introduced the Bunsen gas burner, thermo regulators, con-

stant level water-baths, water suction pumps, systematic

use of spectroscope, etc.

Beckmann. Delicate thermometers, etc.

Anschiitz. Performed the first distillation under reduced pressure.

Crafts. Distillation in the vacuum of the cathode light.

§ 2. Improvements in Chemical Methods—Dioscorides
(about loo A.D.) used to prepare quicksilver from cinnabar by

distillation, and methods of distilling were improved by the

alchemists, who could purify alcohol and ether, and the phlo-

gistonists, who were thereby able to prepare various essential

oils and esters.

Reactions of double decomposition were also known to the

ancients and alchemists, as evidenced by the preparation of

caustic alkalies, of ammonium carbonate (from potashes and

sal ammoniac), and of silver chloride (from rock salt and lunar

caustic). Basil Valentine separated different metals as insol-



PROGRESS OF EXPERIMENTAL METHOD 199

uble salts, and, to give a modern instance, Scheele used lime

or litharge to precipitate most of his organic acids from the

plant-juices in which he found them.

The formation of hydrocarbons by reduction has already

received notice (chap. vii. p. 118); other reduction processes

have involved the use of hydrogen sulphide (in acid or alkaline

solution, Zinin, 1842), hydriodic acid, without (Berthelot, 1867)

or with phosphorus (Baeyer, 1870), sodium in the form of wire

(Hofmann, 1874), of ethylate (Baeyer, 1879), of amylate (Bam-

berger, 1887) or of amalgam (Lippmann, 1865 ; Baeyer, 1892),

iron filings (B^champ, 1854), zinc in acid (Girard, 1856),

neutral Lorin, 1866) or alkaline solution (Zogoumenny,

1876), tin (Beilstein, 1864), and stannous chloride (Bottger

and Petersen, 1871).

Of oxidizing agents, in addition to the previously-mentioned

ozone and hydrogen peroxide, potassiuai permanganate and

nitric acid (Debus, 1858) have always been favourites with

organic chemists. Other interesting applications have been

made of chromic acid (potassium salt. Penny, 1852 ; the acid

itself, Graebe, 1880), soda lime (first made and used in this

connexion by Dumas and Stas, 1840), bromine (for sugars,

Bldmstrand, 1862 ; E. Fischer, 1889), alkaline silver oxide

(ToUens, 1882), and sulphuric acid (for mercaptans, Erlen-

meyer, 1861 ; conversion of piperidine to pyridine, Konigs,

1879)-

Substitution processes having played such an important role

in organic chemistry, we will tabulate the chief methods which

have been utilized in this connexion :

—

Nitration—
HNO3 + H2SO4—Schonbein, 1846 ; modified by Martius, 1868

;

Nolting, 1884 ; Nietzki, 1887 ; and others.

HNO3 + CHg . COOH—Cosak, 1880.

Oxidation of nitroso-compound—Schraube, 1875.

AgNOa (for fatty compounds)—^V. Meyer, 1874.

Methylation—
Dimethyl sulphate—Badische Anilin-Soda Fabrik.
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Bromination—
Bromine in chloroform, carbon disulphide (Michael, 1866), or acetic

acid (Graebe and Weltner, 1891).

Chlorination—
CI2 gas—" The four Dutch chemists," 1795.

CI2 liquid—Badische Anilin-Soda Fabrik, i8go.

Diazochlorides—Griess, 1885.

CugCla and diazo-bodies—Sandmeyer, 1884.

Reduced copper and diazo-bodies—Gattermann, 1890.

PCI5—Dumas and Peligot, 1836.

POCI3—Chiozza, 1853.

PCI3—B^champ, 1856.

SOCI2—Heumann, 1883.

lodination—
lodme in carbon disulphide (Schwald, 1883) or aqueous potassium

iodide (Baeyer, 1885). (Application limited.)

Halogen Carriers—
^_

Iodine (for CI3 and Brg)—Miiller, 1862 ; Kekule, 1866.

Various metal chlorides—Perkin and Duppa, 1859 ; L. Meyer, 1875 ;

Beilstein, 1876 ; Gustavson, 1881.

Phosphorus (for Bra and Ig)—Serullas, 1848 ; Personne, 1861.

Fluorination—
Various methods—Reinsch, 1840; Fremy, 1854; Borodine, 1862.

Sulphonation—
(NHJaSOg—Piria, 1850 (for nitro-bodies).

Fuming H2SO4—Barth, 1868 (with PgOg, 1871).

100 per cent. H2SO4—Lunge, 1889.

K2S2O7—E. Fischer, 1877 (for phenylhydrazine derivatives).

Addition of bisulphite—Bertagnini, 1853 (aldehydes) ; Messel, 1871.

CI . SO5H—Limpricht, 1885.

Sulphination—
Cu powder, SOg and diazo-compounds—Gattermann, 1899.

SO2, AICI3 and aromatic derivatives—Smiles and Le Rossignol, igo8.

Finally, we must refer to hydrolysis or molecular fission,

effected by aqueous or alcoholic alkalies, baryta (Baeyer, 1881),

silver oxide (Hantzsch, 1886), but not ammonia, on account

of secondary reactions (Liebig, 1834). Sulphuric or hydro-

chloric acids (Lautemann, 1863; Gal, 1865) have also been

used as saponiiiers, while for more profound decomposition

recourse has often been had to aluminium chloride (Hartmann
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tid Gattermann, 1892, for phenol ethers), hydriodic acid

/.eisel, 1885, for the same), or fusion with caustic alkali for

Ikaloids, etc. (Pelletier, Laurent, and others); Kolbe, i860

salicylic acid synthesis) ; Weselsky and Benedikt, 1878, re-

iuction of nitro- to azo-phenols; a suitable apparatus for

[lotash fusions was designed by Liebermann, 1888.

§ 3. Development of Analytical Methods—Basil Valen-

tine separated a few metals by precipitation with suitable acids

r bases, and thus recognized alloys containing copper, iron,

silver, and gold. Later on Tachenius was able to give a

[)artial scheme for separating mineral substances, using pre-

cipitation reactions, and depending largely on the colours of

the precipitates. The word analysis was first used to describe

such processes by Boyle, and he, as well as his successors,

Hofmann, Marggraf, Scheele, and others, devised numerous

other isolated tests for metals and acids, and mineral earths.

{a) Inorganic Qualitative.—The scattered reactions known
towards the close of the phlogistic era were collected by Berg-

mann, who also arranged a systematic series of reagents for

sting, and who, with Cronstedt and others, was instrumental

in introducing the mouth blowpipe into analytical operations.

iJerzelius and Klaproth did much for this branch of chemistry,

the extent of which in 1801 may be gathered from the hand-

hooks of mineral analysis published at that date by Lampadius

and others. Berzelius moreover introduced the modern division

of metals and acids into groups, a work which has been carried

on throughout the last century, notably by Rose, Fresenius, and

Noyes. The separation of closely allied metals, such as the

ire earths, by means of fractional crystallization of their sul-

hates, nitrates, oxalates, chromates, bromates (James, 1907),

1 acetylacetone derivatives (Urbain, 1896) also deserve men-

y)n here, and so does the general analytical work of Fenton,

,S95-.

ip) Inorganic Quantitative.—The estimation of a substance in

compound rather than element form was first advocated by
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Bergmann, who weighed calcium as oxalate, sulphuric acid as

barium salt, lead as sulphide, etc. Previous to this Marggraf

had used silver chloride to determine silver in alloys, and

Black had shown how to estimate magnesia as carbonate. The
quantitative analysis of minerals received attention from Klap-

roth and from Bergmann, who decomposed silicates by alkaline

fusion, but it was Berzelius who made the greatest advances

here, using much smaller amounts of his substances than

previous workers, and so facilitating manipulation. He taught

the modern methods of filtering through thin bibulous paper,

and of subsequent incineration of the filter and ash determina-

tion. He also introduced new methods for breaking up miner-

als, such as oxidation by nascent chlorine and evaporation with

strong hydrochloric acid. New methods of inorganic quanti-

tative work, as well as improvements in those existing, have

been due more especially to Wohler, Rose, and Fresenius. Of

late electro-chemical methods have become prominent ; these

were introduced by Classen, and made more practicable by

the use of rotating electrodes (Gooch and F. MoUwo Perkin).

Sand (1907) has recently perfected the rapid separation of

antimony from tin and of other metallic mixtures difficult to

manipulate gravimetrica]ly. We should also notice the recent

use of silica crucibles and combustion tubes, superior to glass

or porcelain in that they readily withstand sudden temperature

changes, and of the crucibles devised by Gooch for rapid quan-

titative work, in which the use and subsequent drying and

incineration of a filter-paper is avoided.

W Organic Qualitative.—Although in the process of burning

an organic substance, van Helmont and Boyle noticed the

formation of water, and Priestley detected carbonic acid gas, and

Scheele observed both, yet it was left to Lavoisier to state de-

finitely, after the erection of his oxygen theory, that carbon and

hydrogen occurred in all organic bodies together, sometimes

with oxygen and nitrogen. The presence of the latter element

was detected by Berthollet by conversion to ammonia, and by
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Lassaigne (1843) by the formation of sodium cyanide on fusion

with sodium. Halogens were also detected by this means,

while Berzelius usually tested for phosphorus and sulphur by

oxidation with nitric acid to phosphoric or sulphuric acids.

Beyond such elemental testing, there is little to be recorded

here of qualitative organic analysis. As new classes of com-

|)Ounds were discovered and new radicles became known,

methods of identifying the different groups naturally followed

from a knowledge of their behaviour and nature.

{li) Organic Quantitative.—Lavoisier used to determine the

amount of carbon and hydrogen in organic substances by heating

them in oxygen or with mercury or lead oxides, and catching

the products of combustion in suitable absorbents (he is said to

have used blotting-paper to absorb the water formed !). Saussure

and Thenard (1807) used potassium chlorate as oxidant, but

were met with the difficulty of the violent action which thus en-

sued. Berzelius tried to modify this by adding common salt as

a diluent, Gay-Lussac introduced the use of copper oxide in 1815

and finally Liebig about 1830 devised the combustion-furnace

practically as we know it to-day. With reference to the collection

(jf the products, Berzelius improved on Lavoisier's method for the

water by substituting calcium chloride for the blotting-paper,

and much more recently Mathesius commenced to use pumice

soaked in strong sulphuric acid (1882), the most convenient

form of apparatus being that devised by Collie (1895). The

rarbon dioxide has always been collected in caustic potash,

different kinds of absorption bulbs having been invented by

Liebig (1843), Geissler (1880), and Delisle (1891) amongst

others. Other methods of oxidizing the carbon have been used

by Kapfer (vapour and oxygen passed over spongy platinum,

1 876), by Messinger (oxidation in the wet way by chromic acid,

1 888), and by Dennstedt, who has recently perfected a furnace

lor rapid analyses of organic compounds.

Nitrogen has been determined as gas by the combustion

method of Dumas (1830), as ammonia by Will and Varrentrapp
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(heating with soda-liirie, 1841) and by Kjeldahl (heating with

sulphuric acid, 1883) ; the last method has proved very service-

able for rapid technical analyses.

Halogens have been estimated by conversion to metal halide,

either by heating the substance with lime (Piria and Schiff, 1879)

or by heating under pressure with fuming nitric acid (Carius,

i860), and similarly sulphur and phosphorus can be converted

to sulphuric or phosphoric acids by fusion with caustic potash

and nitre (Liebig, 1849) o^ by the Carius method. The fusion

of organic substances with sodium peroxide must also be men-

tioned as a means of estimating either of these last elements

(Edinger, 1895).

We must refer, too, to a variety of methods introduced at

different periods for the estimation of particular compounds

or radicles :

—

Alcohol. Specific gravity (Reaumur, 1733 ; Brisson, 1768). Re-

fractometer.

Sugar. Polarimeter (Clerget, 1870) ; also recently by refractometer.

Methoxyl, —OCH, \ Heating with hydriodic acid and weighing as Agl.

Ethoxyl, —OC0H5 J Zeisel, 1885 ; Perkin improved apparatus, 1904.

Nitro NO2 '\ Reduction by tin and volumetric estimation of unused

Nitroso no/ metal (Limpricht, 1878).

Phenols and some other hydroxylic compounds

—

(i) Formation of benzoyl derivative and hydrolysis (Schotten,

Baumann, 1887).

(ii) Hydrolysis of acetyl derivative, formed by heating with acetic

anhydride and sodium acetate (Liebermann, 1S74).

Carboxyl group

—

(i) By formation of bisulphite compound (Bertagnini, 1853).

(ii) By formation of phenylhydrazone (E. Fischer, 1877), or semi

carbazide (Baeyer, 1894).

Amino group

—

(i) Action of nitrous acid and measurement of evolved N.. (Heintz,

1866).

(ii) Analysis of salts or acetyl or benzoyl compounds.

(e) Volumetric Analysis.—The founder of this very useful

means of analysis was Gay-Lussac who, from 1824-32, dc-
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\ ised titration methods for the estimation of acids and bases

(alkalimetry), of bleaching-powder, of chlorine, and of silver

(Lhlorimetry), the latter depending on the reaction between a

I hloride and a soluble silver salt. Volhard (1874) devised the

>ulphocyanide method of silver titration, Marguerritte (1846)

the permanganate method for iron estimation, and Bunsen (1853)

the determination of iodine by sodium bi-sulphite. Improved

forms of the necessary apparatus (burettes, pipettes, etc.) were

brought forward, notably by Bunsen and by Mohr; and, within

the past fifty years, modifications of the above half-dozen funda-

mental methods, too numerous for individual attention, have been

arranged by a multitude of chemists so that, at the present day,

there is hardly an element or a compound, inorganic or organic,

which cannot directly or indirectly be brought within their scope.

Reference may be suitably made here to the work on the

theory of " indicators " (i.e. the class of substances used in

alkalimetry to show by their colour if the reaction-mixture is

acid or alkaline), done more especially by Hantzsch, A. G. Green,

A. G. Perkin, Hewitt, and Veley.

(/) Gas-analysis.—During the phlogistic period the qualita-

tive separation of a few gases became known ; thus caustic

potash was used to absorb carbon dioxide and nitrogen peroxide,

and moist ferrous hydroxide or phosphorus to remove oxygen.

Schemes for systematically detecting various gases were, how-

ever, first brought out by Priestley, Lavoisier, Dalton, and

Gay-Lussac. The qualitative side of the question was first

studied by Cavendish, who used to employ explosion methods

(eudiometry ; hydrogen and air ; nitrogen and oxygen ; hydrogen

and chlorine, etc.). Important work, leading up to the modern

methods, was carried out by Henry, by Gay-Lussac and by

Bunsen ; and finally, the possibility of determining the com-

position of a gaseous mixture by successive removal of its

constituents by suitable absorbents was realized by the gas

burettes and absorptiometers of Winkler, Hempel, and Lunge

1875-90).
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§ 4. The Determination of Atomic Weights—Reference
has been made at different points in previous chapters to ad-

vances in atomic weight determination, such as the application

of Dulong and Petit's law of constant specific atomic heat, of

Mitscherlich's discovery of isomorphism, the more recent use

of gas-densities corrected by van de WaaPs constants, and

Cannizzaro's rules for selecting the correct multiple of the

chemical equivalent.

It is therefore intended to give here only a resume of the

accurate measurement of chemical equivalents.

Dalton based the atomic theory on relatively few and in-

accurate practical data, and we are indebted to Berzelius for

the greater number of satisfactory values of the equivalents of

the elements then known. Some of the methods he used are

quoted below, and some idea of the indefatigable nature of his

work will be gathered when it is remembered that in a decade

he made careful analyses of over two thousand compounds.

Another notable analyst was Dumas who, after finding dis-

crepancies between Berzelius' numbers and his own (obtained

from vapour density), and also detecting an error in the Berzelian

value for carbon, applied himself in succeeding years to several

equivalent determinations, using especially the precipitation of

halides of the element by silver nitrate. More systematic study

of the subject was entered upon by ^larignac (1842-58) and

Stas
( 1840-65), the precautions against error taken by the

latter being so elaborate that for nearly forty years no one

cared to question his experimental accuracy ; these investiga-

tions aimed at securing a series of independent values for each

element, based upon the numbers (exceedingly carefully obtained)

for two or more of the following : sodium, potassium, silver,

chlorine, bromine, iodine.

The more recent use of the gas constants, however, has led

in the hands of Leduc (1895) , Guye (1902), Grayjj 905), and

others to the detection of small but very perceptible errors in

some of Stas' fundamental values, and in consequence of this

i
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the redetermination of atomic weights has been attended to,

both by density methods (Gray, 1905- ; Guye, 1905-, etc.)

and by chemical methods, in which an American school of

chemists, under Clarke and Richards, has of late years been

very prominent.

Our summary would not be complete without reference to

the method by which the general selection of the most reliable

values is made, namely, by means of an annual international

commission of four distinguished workers, French, German,

American and English.

We will conclude with a few instances of the chief methods

of gravimetric equivalent determination which have proved

serviceable :

—

Precipitation of halide by Ba, Sr, 1858, Marignac ; As, Sb, Sn, Pb,

silver nitrate 1856-g, Dumas ; Li, i860, Stas

;

Al, 1880, Mallet ; Ti, 1885, Thorpe.

Conversion of sulphate to Al, 1812, Berzelius ; Be, Th, 1880-2, Nil-

oxide son ; Cr, Cu, Zn, 1884, Baubigny.

Conversion of oxide to sul- Mn, 1883, Marignac; Sc, 1880, Nilson.

phate

Conversion of chlorate, etc., CI, Br, I, 1842-6, Marignac and Stas;

to halide by heat K, 1842-6, Marignac; Ag, 1860-5,

Stas.

Conversion of element to C, 1882, Roscoe ; 1885, van der Plaats;

oxide P, 1885, van der Plaats ; In, 1867,

Winkler.

Reduction of oxide to element Fe, 1844, Erdmann and Marchand; Mo
1859, Dumas.

Ignition of salts, leaving Au, 1887, Thorpe and Lawrie; S (from

element silver sulphate), 1860-5, Stas ; Pb, Ir

Os 1878-88, Seubert.

Volume of hydrogen from Zn, 1884, Ramsay and Reynolds,

metal and acid

Numerous other devices have naturally been used, but the

above are the most interesting.

We may remark upon the especially careful determinations

made in the case of argon and potassium, iron, cobalt, and
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nickel, and iodine and tellurium, owing to anomalies occurring

in the periodic system under the present atomic weight values.

In no case has the discrepancy been removed ; in the last in-

stance, many efforts have been made to ascertain whether

tellurium is a mixture of elements, but the most recent and

exhaustive work of Baker and of Marckwald (1907) dis-

countenances this view.

I
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Biographical Index of Chemists

In the following pages the scope of the work and a few
other points of interest about the lives of some 150 typical

chemists are briefly and it is hoped concisely summarized.
The names are given, as far as possible, chronologically and in

the order of the six chemical periods (chap. i. p. 4). It is

to be understood that neither the workers chosen nor the ac-

counts of their work offer in the slightest degree a complete
compilation of even the leading men of our science ; but pos-

sibly a clearer idea of individual contributions to chemistry

will be gained by a perusal of this appendix.

Alchemical Period

Geber (end of eighth century), Arab physician and first noted
alchemist. Wrote several books, which show his know-
ledge of the common metals, salts, acids, and alkalies, their

preparation and purification (crystallization, distillation,

filtration, sublimation), and his beliefs in transmutation

and in mercury and sulphur as the two primal elements.

Paracelsus (1493-1541). A Swiss iatrochemist of great ability,

obscured by conceit and fiery temperament. Initiated

many reforms in medicine and chemistry. Introduced

alcohol preparations, lead, and antimony compounds, and
" vitriols " as remedies. Improved practical metallurgical

methods.
Van Helmont (15 7 7- 1644), Brussels chemist of great percep-

tion. Realized that " fire " is not material ; the " con-

servation of matter " in isolated instances ; differentiated

the more common gases, especially " gas sylvestre " (COo)

;

14 209
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and created " physiological chemistry " by insisting on the

study and importance of the reactions and secretions of the

body.

Boyle, Robert (1626-91), Irishman. Studied in France, Geneva,
Italy, Oxford (1654-68), and London (President of the

Royal Society, 1680-91). Unbiassed, truly scientific char-

acter. Wrote several brilliant books. Defined " element,"
" compound," " mixture," " analysis," predicted the exist-

ence of many more elements than were then recognized,

and advanced a *' corpuscular " theory of matter. Inves-

tigated the relation of pressure to volume in a gas, the

manufacture of various alloys, glass, and phosphorus, dis-

covered methyl alcohol (wood-spirit), phosphoric acid,

darkening of silver salts by light, improved analytical

tests, etc. etc.

Kunkel, Johann (1630-1702), German Court alchemist. Be-
lieved in transmutation, but relentlessly denounced the

charlatans. Improved the manufacture of various iron

and copper alloys, glass, phosphorus, etc.

Becker, Johann (1635-82). Revived Geber's three principles

as " terrae mercurialis, vitra and pinguis ". The last gave

rise to Stahl's theory of phlogiston.

Phlogistic Period

Mayow, John (1645-79), physician. Recognized (1669) that

the " spiritus nitro-aereus " present in both air and nitre

unites with metals on calcination.

Stahl, 6^. ^. (1660-1 734), Prussian court physician. Trained

a number of eminent chemists, and devised his phlogiston

theory to explain oxidation and reduction processes.

Ifoffmann, Friedrich (1660- 1742), Prussian professor. Views
similar to Stahl's on combustion, but resembling others on
calcination. Developed qualitative analysis, and investi-

gated many mineral waters.

Rouelle, G. F. (1703-70). Taught Lavoisier and Proust.

Defined neutral, acidic, and basic salts (1744) ; discovered

urea (1737), sulphuretted hydrogen and other compounds.
Marggraf, A. S. (1709-82), pupil of Stahl and German

professor. Noted increase in weight on oxidation of

)

i
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phosphorus; discovered beet-sugar (1747), alumina (as

distinct from lime, 1754), and introduced the microscope
into analysis ; estimated silver as chloride and knew the

flame tests for the alkalies.

Jjlack, Joseph (1728-99), Scottish professor. Worked at latent

heat (1762), specific heat, thermometry, calorimetry, and
elucidated nature of CaO, MgO, NaOH and their car-

bonates. Supported Lavoisier's oxygen theory in preference

to that of phlogiston.

Bergvtann, T. (1735-84), Swedish professor. Important for

his views on chemical affinity (1777), development of

mineral analysis (blowpipe, systematic tests, gravimetric

methods for Ca, H.jSO,,, Pb, etc.), discovery of molyb-

denum and tungsten, 1778, and theory of "vital force"

for organic compounds.
Scheele, C. W. (1742-86), Swedish apothecary. Pioneer in

nearly every branch of chemistry, with great power of

observation. Discovered, amongst other substances,

oxygen (1774), chlorine, manganese (1778), barium (dis-

tinct from lime), phosphoric acid in bones, fluorine, hydro-

gen persulphide, arsine ; and in organic chemistry, glycerol

(1779), aldehyde (1774), and tartaric (1769), uric and
oxalic (1776), lactic and pyromucic (i78o),prussic (1782),

malic (1785), pyrogallic (1786), and citric acids ; improved
qualitative analysis, developed actinic and pneumatic

chemistry, etc. A confirmed phlogistonist.

Priestley, Joseph (i 733-1804), theologian and chemist.

Staunch upholder of the phlogistic theory. Lived at

Birmingham and subsequently died in America. Im-
mensely enriched pneumatic chemistry ; used mercury for

collecting gases, invented the pneumatic trough ; discovered

ammonia gas, nitrous and nitric oxides, oxygen (1774);
isolated SO.2 ; showed that burning organic bodies pro-

duced carbonic acid; regarded hydrogen as "phlogiston".

Richter^ J. B. (i 762- 1807). Invented the term " stoichiometry,"

and exactly determined the equivalents of various com-

pounds, especially in reactions of " double decomposi-

tion ". Obscured the value of his results by expressing

them phlogistically.

Cavendish, Henry (1731-1810), English philosopher. In-
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vented eudiometry and studied the volumetric composition

of water, nitric acid, air, etc. Discovered hydrogen

(1773) '} estimated the density and weight of the earth
;

like Priestley and Scheele, in spite of his own anti-phlogistic

work, he always subscribed to the phlogistic theory.

Modern (Fundamental) Period

Lavoisier, Antoine (i 743-1 794), mathematician, physicist, and
chemist. Great politician ;

" Fermier-General "- Mur-
dered by the French Revolutionary Court. Insisted on
accurate measurements and attention to the weights of

reacting substances. Showed that metal " calces " were

heavier than the metals producing them (1772); proved

the " conservation of matter " (1774) ; investigated oxida-

tion of P, S (1772), Sn (1774), Kg, etc. (1775) \ replaced

"phlogiston" by "oxygen" (1777); systematized the

terms acid, base, organic compound, salt, etc. Devised

the combustion process for analyzing organic substances.

Improved gas-analysis
;
gave hydrogen and oxygen their

present names; quantitatively synthesized water (1783);
damaged his reputation by trying to rob Priestley and
Cavendish of the merit of their respective discoveries of

oxygen and the compound nature of water.

iMorveau, G. de (i 733-1816), Professor at Ecole polytechnique,

Paris, and friend of Lavoisier. Introduced the first syste-

matic nomenclature for chemical substances, 1782 ; showed
that soda-crystals could be made from Glauber's salt by

heating with coke and iron.

Berthollet, C. L. Count (i 748-1822), Professor in Paris.

Chemist under Napoleon in Italy and Egypt. Renounced
the phlogiston theory in 1785; investigated ammonia,

prussic acid, sulphuretted hydrogen, and chlorine (" oxy-

muriatic gas ") ; used sodium hypochlorite solution as

bleaching agent ("Eau de Javelle," 1800) ; believed mass

to be the predominant factor in chemical change, 1801
;

controversy with Proust on the law of multiple propor-

tions, 1801-7.

Proust, J. L. (1755-1826), Parisian apothecary and later pro-

fessor in Spain. Noted for his work just mentioned, in

\
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which by means of basic copper carbonates, oxides of tin

and iron, and sulphides of iron, he established the law of

multiple proportions. Also worked at organic chemistry.

Fonrcroy, A. F. (i 755-1800), Professor in Paris. Advanced
animal and mineral chemistry.

Vm/qiielin, L. N. (i 763-1829), Professor in Paris. Discovered
various elements (Be, and Cr, 1797), many naturally-

occurring organic compounds (asparagine, 1805; cam-
phoric and quinic acids, etc.), and cyanic acid (1818).

Wol/asfon, W. H. (i 766-1829), English physicist and chemist.

Worked at emission and absorption spectra (1802), dis-

covered some of the platinum metals (1803-4), some
organic substances (cystine), and regarded Dalton's atoms
as "equivalents" only (1814).

Klaproth, M. H. (i 743-1821), first Professor of chemistry at

Berlin. Discovered strontium (1790), zirconium, tel-

lurium (1798), uranium and cerium (1803), composition

of honeystone (aluminium mellitate, 1799). Improved
mineral analytical methods considerably.

Da/fon, /oh?i (i 766-1844), Teacher at Manchester. Discovered

colour-blindness (1793), composition of carbon dioxide

(1803), and olefiant gas, etc., law of partial pressures

(1807), and enunciated his atomic theory (1807-8); in-

vented a system of elementary symbols.

Davy, Sir If. (i 778-1829), English chemist. Worked at

nitrous oxide and phosphorus pentachloride (1800) ; iso-

lated electrolytically the metals of the alkalies (1807) and
alkaline earths (1808); electro-chemical theory, 1807;
elementary nature of chlorine (18 10); chlorine oxides,

complex acids, miners' safety-lamp, chemistry of flame

and actinometry.

Gay-Lussac, J. L. (17 78- 1850), Professor at Paris. Taught by

Berthollet. Worked at inorganic chemistry (halides of

nitrogen and phosphorus, etc., 1800) ;
gas analysis and

physical research (180 1-8) ; law of volumes, 1808 ; chlorine,

18 10; introduced copper oxide in the combustion pro-

cess, 1815 ; complex inorganic acids, 1815-20; cyanogen,

1815-22; invented volumetric analysis (acid and alkali-

metry, silver, chlorine, 1824-32); improved manufacture

of oxalic (1829) and sulphuric acids (1827).
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Proiit, J., English physician. Supposed all atoms to be poly-

mers of hydrogen, 1 8
1
5, Also worked at organic products

of the metabolism.

Berzelius.J.J. Baron {!']']()- 1 848), Swedish apothecary, professor

(1802) and secretary (t8t8) to the Stockholm Academy of

Sciences. His chief aim was the final establishment of the

laws of chemical proportion, including the determination of

atomic weights and the constitution of inorganic and organic

compounds. Discovered cerium (1803), selenium (181 7),

thorium (1828), isolated Si (1810), Zr (1824), Ti (1825) ;

worked at many inorganic compounds, notably those of

the rarer metals, such as Ti, Zr, Th, Cr, Mo, W, U, V,

etc. Elaborated what is practically the present system of

nomenclature and symbols for inorganic compounds in

181 1, put forward his electro-chemical (dualistic) theory

in 1 81 2, and extended it in 18 19; drew up a table of

atomic weights in 181 7, and a modified one in 1826;
discovered sarcolactic (1807), racemic (1832), and pyruvic

acids (1835) as well as many other organic compounds
;

defined iso-, poly- and meta-merism, 1831 ; contact

theory of fermentation, 1834; vastly improved analytical

methods and general manipulation (introduced use of

rubber tubing, water baths, gravimetric filter-papers, Ijorax,

cobalt, and other blowpipe reagents, etc.).

Dulofig^ P. L. (i 785-1838), Director of Ecole polytechnique,

Paris. Worked on oxides of nitrogen (18 16) and the

reduced oxy-acids of phosphorus (18 18) ; discovered con-

stancy of specific atomic heats (1821).

Mitschcrlich, E. (i 794-1 863), Professor at P>erlin (1821-63).

Discovered isomorphism (1819) and polymorphism (1821).

Investigated substitution (benzene sulphonic acid, 1833 ;

nitrobenzene, 1834), benzene from benzoic acid (1834),

the oxides of manganese, lactic acids, and the allotropes

of sulphur (1852). Put forward a contact theory of fer-

mentation (1836), and ascribed the formation of ether

from alcohol to catalysis.

TJiena7-d^ L.J. (i 777-1857), Professor at Ecole polytechnique,

Paris. Worked at first in conjunction with Gay-Lussac on

processes for manufacturing bleaching-powder (i 799), white

lead (1801), and chlorine (18 10), discovered H2^2 (1S18),
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HF, phosphorus hydrides and preparation of organic
phosphines (1845-8).

Modern (Static Structural) Period

(a) General and Physical

Faraday, Michael (i 791-1867), Assistant to Sir Humphrey
Davy, and later his successor at the Royal Institution.

Discovered liquefaction of gases, 1823 ; butylene and
benzene, 1825; actinometry ; laws of electrolysis, 1833;
discovered magnetic rotation of polarized light, 1846.

Regnault, H. V. (1810-78), Professor at Aix-la-Chapelle and
Paris. Worked on the composition of various alkaloids

(1840 and i860) ; established the constitution of piperine,

1863; aliphatic sulphonic acids, 1840; put forward the

theory of " mechanical organic types " ; variation of spe-

cific heat with temperature, 1840 ; measurements of

densities (1845) and specific heats (Cp and Cv, 1853) of

gases.

I\:ville, H. St. Clair (1S18-81), Professor at Paris. Investi-

gated inorganic compounds (N^O^, 1849; halides of B,

Si, etc.
; preparation of metals from their chlorides heated

with sodium
;
purification of the platinum metals, 1805-9)

and physical properties (refractive index, 1854 ; dissocia-

tion on heating, 1857).
Pasteur, Louis (1822-95), Professor at Strassburg. Investigated

optical activity (enantiomorphous sodium ammonium tar-

trate crystals, 1850; resolution of racemates by mechani-

cal means, 1850 ; by fractional crystallization with active

base or acid, 1853 ; by bacteria, i860; isogonism, 1861)

and biochemistry (vitalistic fermentation theory, 1855 ;

bacteriology, 1865-95; Institut Pasteur at Paris opened,

1889).

Kopp, H. (1817-92), Professor at Giessen. Pupil of Liebig.

Worked chiefly on specific volumes (i 842-1855), boiling-

points (1845-60), and variation of specific heat with

temperature (1865).

Cannizzaro, S., Italian professor. Faraday lecture, 1872.

Established rules for determining which multiple of the
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equivalent is the atomic weight, 1858. Other work mainly

organic.

Thomsen,/. (1826-1908), Danish professor (Copenhagen). Ex-
tremely thorough and varied thermo-chemical investigations

(1853-1908).
Berihelot^ M. (1827- 1907), Parisian professor and Secretary of

State ; chemical historian. His work embraces four

periods: [a) 1850-60, constitution and synthesis of poly-

atomic fatty alcohols and acids; {b) 1861-69, pyrogenetic

and electric arc syntheses of hydrocarbons (acetylene,

benzene, etc.) ; reduction to hydrocarbons by hydriodic

acid; {c) 1869-85, extensive thermo-chemical investiga-

tions, especially dealing with explosives; silent electric

discharge syntheses
;

{d) 1885 -1907, agricultural and his-

torical chemistry.

Gladstofie,/. Z^ (182 7- 1902), President Chemical Society, 1877

.

Refractive index of elements and specific refractive index,

1858 ; atomic weights, refraction and dispersion investi-

gations, 1 860-1 902.

Zandolt, JI., Professor at Berlin. Organic As and Sb compounds,

1853; formula for refractive index, 1864; connexion be-

tween refractive index and periodic law; optical activity

of electrolytes, 1863; conservation of matter re-proved,

1893-1908.
Meyer^ J. Lothar (1830-95), Professor at Karlsruhe and Tii-

bingen. Chemistry of blood, 1857; molecular volumes
and periodic system, 1867-70 ; compounds of halogens

with each other, 1877-85.

Mendelejew, D. I. (1834- 1907), Professor at St. Petersburg,

^ --^1865. Work on expansion of liquids, 1861 ; periodic

J

• system, 1869; critical data of gases, 1870-85 ; voluminous
• author.

Horsfma?tn, A. Thermo-dynamics of law of mass action, 1869-

7 7 ; stated the simple gas equation PV = RT ; specific

volumes (1886-88).

{b) Inorga?uc

Balard^ M. (1802-76). Discovered bromine, 1826; constitu-

tion of bleaching-powder, 1835.
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Graham^ T. (1805-69), Professor at Glasgow and University

College, London. President Chemical Society, 1841.

Polybasicity of phosphoric and arsenic acids, 1833; dif-

fusion, dialysis, and osmosis (of liquids) and diffusion and
effusion (of gases), 1851 ; definition of crystalloids and
colloids, 1862.

Rose, H. (i 795-1864), Professor at Berlin. Hydrolysis of

strong acids, 1848 ; cobalt ammonia salts, columbium
(discovered 1846); mineral syntheses and improved ana-

lytical methods.

Stas/j. S. (1813-91), Professor at Brussels. Very exact de-

terminations of atomic weights, 1840-70; toxicological

tests, 1850; spectra of alkaline earths, 1880.

MarignaCy/. C. G. (1817-94), Professor at Geneva. Constitu-

tion of ozone ; thermo-chemistry and atomic-weight esti-

mations (1842-83).

Roscoe, Sir H., Professor at Manchester. President Chemical

Society, 1880. Complex inorganic acids; isolation and

compounds of W, V, etc., 1867; actinometry, 1857;
spectroscopic work, 1863 ; atomic weights, etc.

Winkler, C. (i 838-1 904), Professor at Freiburg. Gas-analy-

sis ; hydraulic cements ; contact-process for HgSO^, 1875 ;

discovery of germanium, 1886 ; atomic weights, etc.

Boisbaudran, Lecoq de, Professor at Paris. Discovered Ga,

1875; Sm, 1879; Dy, 1886; Gd, 1889; mathematical

relations of spectra, 1889.

Nilson,L. I^. (1840-99), Professor at Stockholm. Discovered

Sc, 1879; atomic weights (Be, Th, Sc, 1880-2); specific

heats (Dulong-Petit Law) and vapour densities at high

temperatures, 1880-9.

(c) Orga?iic

Dobereiner, /. W. (1780- 1849), Professor at Jena. Relation

of acetic and oxalic acids to alcohol, 182 1 ; noted series

of "triads" in the metals (e.g. Ca, Sr, Ba, 1829); dis-

covered furfurol, 1831 ; worked on aldehyde, 1834.

Dumas, /. B. A. (1800-84), Apothecary at Geneva and

later professor at Paris. Vapour-density estimation,

1827; etherin theory, 1828; estimation of organic nitro-
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gen, 1830; cinnamyl derivatives, 1834; substitution,

1834; hydrolysis of nitriles to acids and amines, 1847;
atomic weights (1856-9) ; compositions of terpenes, etc.

Liehigy J. V071 Baron (1803-73), Professor at Giessen (1824),

Munich (1852). Chief work : on fulminates with Gay-
Lussac (182 1), synthesis of urea (1828), chloroform

(1831), on radicle "benzoyl" (1832), first radicle theory

(1832), in conjunction with Wohler; polybasicity of acids

(1839); vibration theory of fermentation (1839); investi-

gated many other organic reactions and compounds during

the next twenty years, especially among the alkaloids

(1837-41) and animal products such as amino-acids

and amides (1846-52); in later years became more of a

physiologist than a chemist.

Wohler, F. (1800-82), Professor at Gottingen (1836). Be-

sides his work with Liebig, he isolated Be, Al, B and Si

(1828) ; discovered amygdalin (1837), parabanic acid

(1838), hydroquinone (1848), calcium carbide (1862),

etc. ; worked on metallic sub- and per-oxides, non-metallic

hydrides and halides, and pointed out the analogy of silicon

to carbon in organic compounds (1863).

Laurent, A. (1807-53), Professor at Bordeaux. Discovered

anthracene (1832), anthraquinone (1835), phthalic acid

(1836), adipic acid (1837), piperine (1840), etc. " Nucleus

theory," 1837; definition of equivalent, atom, molecule,

1843 ; ether and alcohol correspond to oxide and hydrate,

1846.

Gerhardty C. (1816-56), Professor at Montpellier and Strass-

burg. Theory of residues, 1839; of four types, 1853;
atomic weight system; homologous series, 1844; dis-

covered quinoline (1842), the anilides (1845), ^^^^ chlorides

from POCI3 (1851) and acid anhydrides (1852).

Peligof, E. M. (181 1-90), Professor at Paris. Worked with

Dumas on "cinnamyl" (1834); used PCI5 for chlorina-

tion, 1836 ; isolated various metals of the uranium group.

Felouze, J. Worked on the terpene series (discovered borneol,

1 841); inorganic esters of alcohol ; manufacture of plate-

glass, 1856.

Ca/ioiirs, — . Died in 1891. Discovered amyl alcohol, 1837 ;

anisol and its derivatives, 1841 ;
phellandrene, 1841

;
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methyl salicylate (in oil of winter green), 1843 ;
prepara-

tion of acid chlorides by PCl^, 1846 ; allyl alcohol, 1856 ;

tintetraethyl, i860; alkyl sulphonium bases, 1865.

Piria^ R., Professor in Italy. Discovered salicin (1839) and
worked out the chief salicyl derivatives ; sulphonation by
ammonium sulphite (1850); and estimation of organic

halogens in the dry way (1879).

Zinin^ N. (died 1880), Professor at St. Petersburg. Aniline

from nitrobenzene by ammonium sulphide, 1841 ;

a-naphthylamine, 1842 ; benzidine from nitro-benzene,

1845 ; azoxybenzene, 1853.

Anderson, 7!, Professor at Glasgow. Discovered pyridine in

bone-oil, 1846; constitution of piperine, 1850; prepara-

tion of pyrrol, 1858; constitution of anthraquinone, 1861.

Kolhe, H. (1818-84), Professor at Marburg (185 1) and Leipzig

(1865). Synthesis of acetic acid, 1842; methyl sulphonic

acid, 1845; electrolysis of fatty acids, 1850; nature of

valency, 1854-65 ; synthesis of salicylic acid (from phenol),

i860; taurine, 1862 ; malonic acid, 1864 ; aliphatic nitro-

compounds, 1872.

Jfofmann, A. W. von (1818-92), Professor at College of Che-

mistry, London (1845) ; Berlin (1865). President of Che-

mical Society, 1861 ; founded the Deutschen Chemischen

Gesellschaft, 1868. Amines from ammonia and alkyl

iodides, 1850; constitution of aniline, 1843; alkylanilines

by alkylation, 1872; isonitriles from chloroform and amines,

1866; myrosin and mustard oil constitution, 1868; vapour

density method, 1868; discovered hydrazobenzene, 1863;

diphenylamine, 1864 ; formaldehyde, 1868, etc. etc. Pre-

pared numerous dyes (chrysaniline, 1862 ; alkyl rosanilines,

1867-75 ; magdalared, 1869 ; chrysoidine, 1877), improved

methods of organic preparation and analysis, etc.

Wiirtz, C. A. (1817-84), Professor in Paris. Wrote several

noted chemical books ; discovered POCI3, 1847 ; ethylene

oxide, 1859 ; reaction of amine-formation from alkyl iso-

cyanates, 1848 ; action of sodium on alkyl halides, 1855 ;

reduction of aldehydes to alcohols, 1866; and the aldol

condensation, 1872.

Frank/and, Sir E. (1825-99), Professor in Manchester and

London. President Chemical Society, 187 1. Worked on
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metallo-organic compounds, 1849-64 ; theory of atomicity

(valency), 1853-60 ; hydrocarbons from zinc alkyls, 1849 5

constitution of acetoacetic ester, 1864; helped to devise

the modern structure notation, 1867.

Sfrecker, A. (1822-71), Professor at Wurzburg. Chief work
on amino-acid or peptide derivatives. Syntheses of amino-
acids from i860 ; worked on the constitution of guanine,

caffeine, quinine, etc. ; introduced the method of ester-

preparation from alkyl halide and silver salts of organic

acids, 1 86 1.

Williamson, A. W. (1824- 1904), Professor at University Col-

lege, London. Formation and constitution of the ethers,

1850-52; synthesis of glycol, 1854; formation of aldehydes

and ketones by distillation of calcium salts.

Debus, H.^ Lecturer at Guy's Hospital. Thorough researches

on the oxidation of alcohol (1856) and the composition of

gases evolved from explosives.

Perkin, Sir W, H. (1838- 1907), President of the Chemical

Society, 1883 ; oxidation of aniline and production of

mauve, the first coal-tar dye, 1856; synthesis of tartaric

acid, 186 1 ; ofcoumarin, 1865 ; of cinnamic acid (" Perkin's

reaction"), 1875; constitution of salicin, 1868; relation

between magnetic rotatory power and chemical constitu-

tion, 1892-1907.
Kekule, A. (1829-96), Professor at Geneva (1858) ; Bonn

(1865). Added the methane type to the four types of

Gerhardt, 1857 ; tetravalency of carbon, 1858 (shared with

Couper) ; benzene theory, 1867; azo-formula for diazo-

salts, 1867 ;
possible oscillation of the fourth valency in the

benzene ring, 1872 ; syntheses of acetylene (from fumaric

acid electrolysis, 1864), benzoic acid (Na -f COg + CfHr^Br,

1866), crotonaldehyde and triphenylmethane, 1872.

Bunsen, R, W. (181 1-99), Professor at Marburg (1838),

Breslau, and Heidelberg (1858). Investigated cacodyl

(As(CH3)2) compounds, 1837-43 ;
production of cyanides

from alkalies and coal, 1847 ; method for iodine titration,

1853; actinometry, 1857; distinctive emission spectra of

each element, 1859; discovery of rubidium and caesium,

1861 ; invented many practical devices, e.g. his gas-burner,

thermostats, water pumps, etc. etc.
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Bldmstrandy C. ^F. (1826-97). Constancy of valency, 1860-65 ;

complex metallammines ; "diazonium formula" for diazo-

salts, 1875.

Butlerow, A. M. (1828-86), Professor at St. Petersburg. First

synthetic hexoses " methyleneitan," 1861
; production of

tertiary alcohols from zinc alkyls and acid chlorides,

1864 ; isomeric butylenes and tautomerism, 1877.
Friedel, C. (1832-99), Professor at Paris. Synthesis of min-

erals ; reduction of ketones to secondary alcohols, 1862
;

silicon tetra alkyls, 1863 ; action of aluminium chloride on
aromatic hydrocarbons with alkyl halides, 1877.

Fitiig, R. (1835-), Professor at Tiibingen. Discovered pina-

cone reaction, 1858 ; action of sodium on mixed anyl

and alkyl halides, 1863; synthesis of mesitylene, 1868; of

ketonic esters by zinc dust and chlorofatty acid esters on
oxalic ester, 1887; coumarone, 1883; lactones and para-

conic acids (1894- 1 904).

Griess, J. P. (1829-88), Chemist at Burton-on-Trent. Dis-

covered diazo-compounds, 1859-63; diazo-amidobenzene,

1862 ; diazobenzeneamide, 1866 ; Bismarck brown, 1867 ;

Congo yellow, 1889 ; constitution of betaines, 1867 ; orien-

tation determination, 1872.

Erlemneyer, E., sen. (died in 1909), Professor at Frankfurt.

"Affinity points" cause valency, 1863; constitution of

napthalene, 1866; fmal modern structure notation, 1867 ;

synthesis of tyrosine, 1882; lactone theory, 1880; on

cinnamic and iso-cinnamic acids, 1890- ; relations between

isomeric fatty acids, 1898.

Lassen, ^. (i 838-1 907), Professor at Konigsberg. Discovered

hydroxylamine, 1865 ; stereo-isomeric imido-ethers, 1872 ;

specific volumes, 1882.

Sayizeiv, A. Sulphoxides and sulphones, 1866; first lactone

(butyro-lactone), 1873; zinc dust as condensing reagent,

1875; palladium hydride, 1872.

Korner, PV., Professor in Italy. Formula for pyridine, 1869;

orientation determination, 1874 ; synthesis of asparagine,

1887.

Liebermann, C, Professor at Berlin Technical College. Action

of nitrous acid on phenols and secondary amines, 1874 ;

anthraquinone and oxyanthraquinones (alizarin), 1868-80;
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constitution of anthracene and phenanthrene, 1870;
quercitrin, 1879; work on azo-, alizarin-, anthracene and
natural dyes.

Grdbc^ C, Professor at Geneva. Synthesis of alizarin, 1 869

;

acridine, 187 1 ; carbazole, 1872; constitution of anthra-

cene and phenanthrene, -1870; quinoline, 1878; euxan-

thone, 1880 (synthesis, 1889); on acenapthenes, 1893;
condensations with <9-amidobenzophenones, 1895 ; con-

stitutions of acid decomposition products of plant dyes,

1899-.

Ladenburg^ A., Professor at Breslau. " Prism formula " for

benzene, 1 869 ; equivalence of hydrogen atoms in benzene,

1S74; orientation, 1875; aromatic silicon derivations,

1874; benzimidazoles, benzoxazoles and glyoxalines,

1875-8; synthesis of ptomaines, 1886; of optically-active

coniine, 1886; on the constitution of atropine and other

alkaloids, since 1880.

Jorgensen, S. M., Professor at Copenhagen. Detection of

alkaloids by polyiodides, 1870 ; constitution and properties

of metallammino (cobalt) salts, 1880- 1908 (controversy

with Werner).

Volhard, /., Professor at Halle. Synthesis of sarcosine (1862)

and creatine (1869) ; thiocyanate titration for silver (1874) ;

thiophenes from succinates and P2S3 (1885).

Niefzski, 7?., Professor at Basel. Aniline black, 1876; pre-

paration of quinones, 1877; theory of colouring matters,

1879 ; Biebrich scarlet, 1880; hexaoxybenzene compounds,

1885.

Modern (Dynamic Structural) Period
(Arranged Alphabetically)

[a) General and Physical

Arrhenius, S., Professor at Stockholm. Ionic theory of elec-

trolytic dissociation, 1886; hydration of ions, 1888;

conductivity of pure water, 1893 ; viscosity of electrolytes,

etc.

Brilhl, J., Professor at Heidelberg. Many investigations into

the effect of constitution on refractive index, 1880- ;
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constitutions of terpene derivatives, 1890; refractivity of
benzene, 1894; of tautomeric substances, 1899, etc.

Dewar, Sir /., Professor at Royal Institution. President
Chemical Society, 1897. Formula for quinoline, 1871 ; on
liquefaction of gases, 1884- ; "vacuum vessel" for

holding liquid air, etc. ; liquefaction of hydrogen, 1898 ;

charcoal as gas absorbent at low temperatures, 1905.
Giiye, P. A., Professor at Geneva. Theory of quantitative

optical rotatory power, 1890; work on "asymmetry pro-

duct," 1 89 1
-9 ; atomic weights from gas-densities and de-

termination of critical data, compressibilities, etc., 1900- .

Nernst, IV., Professor at Gottingen and Berlin. Diffusion

theory of solutions, 1888; dissociation of pure water,

1894; dielectric constant determination, 1894; quadrant
electrometer, 1896, etc.

Ostwald, W., Professor at Leipzig. Nobel prize, 1909. Pyc-
nometer and other physico-chemical apparatus, 1873-

J

partition of a base between two acids (dilatometry and
refractive power), 1878 ; rate of hydrolysis of salts and
esters, 1883; conductivity of acids, 1878-87; various

methods of comparing the relative "affinities" (affinity-

constants) of acids, bases, etc., 1885- ; viscosity of

solutions, 1891 ; definition of properties (additive, con-

stitutive, colligative), 1891 ; conductivity of pure water,

1893.

Pope, W. J., Professor at Manchester and Cambridge.
Synthesis of asymmetric (optically-active) nitrogen (1899),
tin (1900), sulphur (1900) and selenium (1902) com-
pounds; crystallographic theory, 1906; gold and platinum

alkyls, 1908.

Ramsay, Sir W., Professor at University College, London.
Nobel prize, 1904. President of Chemical Society, 1907.

Synthesis of pyridine, 1877 ; atomic weight of zinc, 1884;
improved Hofmann's vapour-density method (application

to varying temperatures and pressures), 1885; surface-

tension and molecular weight, 1893; critical data, 1894;
the rare gases, 1893-1908; radio-activity, 1903- ; de-

gradation of heavy elements to lowest member of their

series, 1907- ; electronic theory, 1908-9; radium emana-

tion or niton, 1910.
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Rayleighj Lord. Nobel prize, 1904. Composition of water,

1889 ; re-determination of gas densities, 1892- ; dis-

covery of argon, 1894; and other physical researches.

Tschugaeff, Z., Professor at Moscow. Optical rotatory power
in homologous series, 1898 ; effect of <?-, w-, /-substitution

on optical activity, 1898; triboluminescence, 190 1-5;
work on terpenes, 1904- .

Van V Hoff^J, H.^ Professor at Amsterdam. Stereochemistry

of carbon (1874) and nitrogen (1878); development of

law of mass-actiori, 1877 ;
physical chemistry of dilute

solutions, 1880; "Etudes de dynamique chimique," 1884 ;

elevation of b. p. and depression of f. p. proportional to

change of vapour pressure, 1886 ; methods for determina-

tion of transition-point, 1884-92, etc.

Van der Waals,/., Professor in Holland. Gas-equation, 1881

;

on electrolytic dissociation formula, 1891 ; capillarity, 1894;
continuity of gaseous and liquid states, 1899; theory of

mixtures, 1906.

Walker, /"., Professor at Edinburgh. Electrolytic synthesis

of malonic esters, 1891 ;
periodic system work, 1891 ;

hydrolysis of esters, 1889-93 J
boiling-points of homo-

logous compounds, 1894; conductivity of weak acids,

1900; amphoteric electrolytes, 1902, etc.

Waiden, P., Professor at Riga, Conductivity of organic acids,

1891 ; "Walden inversion," 1895; unsaturation and
optical activity, 1896 ; conductivity of non-aqueous sol-

vents, 1901-6; dielectric constants, 1906- , etc.

Young, S., Professor at Dublin. Investigations on vapour-

pressure, 1886-92; relation of boiling-points, molecular

volumes, and other properties and chemical constitution,

1890; critical data, 1893-4; separation of mixtures by

distillation, r894-7.

(i) Inorganic

CrookeSfStr W. President Chemical Society, 1867. Discovered

thallium, 186 1 ;
phenomenon of cathode rays, 1880; spec-

troscopic work on rare earths since about 1880; theories

of ultimate genesis of matter—"protyle," 1886; "meta-

elements," 1889; fixation of nitrogen, 1892.
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Curie, M. (1859- 1906) afid Mvie. (Professor at Paris, in her
husband's place). Radioactivity of uranium and thorium
minerals, 1902; isolation of radium, 1903; polonium,

1903; disintegration of radium, 1904- . M. Curie was
also noted as physicist and crystallographer.

Lobry de Bruyn, C. A. (185 7- 1904), Professor at Amsterdam.
Nitro-aromatic compounds, 1890; hydroxylamine, 1891

;

hydrazine hydrate, 1894, (anhydrous), 1896; colloidal

solutions, 1902.

Moissan, H. (185 2- 1907), Professor at Paris. Nobel prize,

1906. Metal oxides, 1879-83 ; fluorine compounds, 1883 ;

isolation of fluorine, 1886; electric furnace, 1892; metal
carbides and carborundum, 1893-4 ; nitrides ; artificial

diamonds ; reduction of refractory metal oxides, 1896 ;

silicon hydrides, 1902.

W Organic

Anschiitz, R.^ Professor at Bonn. On pyrocondensations,

1878 ; oxidation of fumaric and maleic to racemic and
mesotartaric acids, 1880 ; citraconic and isomeric acids,

1881 ; aluminium chloride syntheses, 1884 ; stereoisomeric

hydrazones, 1895.

Armstrong, H. E., Professor at South Kensington. President of

Chemical Society, 1 893. Constitution of terpenes and cam-
phors, 1871-96; "centric" formula for benzene, 1892;
origin of colour, 1893 5 electric conductivity and theories

of solution, 1892-1902 ; naphthalene-sulphonic acids,

1891 ; Caro's acid, 1902.

Baeyer, A. (1835-), Professor at Berlin and Munich. On
polymethylenes, 1861- ; constitution of furfurol and pyrrol,

1870; indene, 1884; orientation of phthalic acids, 1871 ;

reduction of benzene and benzoic acids, 1887-92 ; strain

theory of carbon ring-stability, 1885 ; steric formula for

benzene, 1888 ; centric formula, 1892 ; on purine de-

rivatives and uric acid, 1863-70; indigo constitution and

synthesis, 1866-90; terpenes, 1890-1900, etc.

Bajnberger, E., Professor at Munich. Guanidine and cyan-

amide compounds, 1880; constitution of retene, 1884;
chrysene, 1895 ; sodium and amyl alcohol as reducing

15
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agent, 1887; diazo-controversy with Hantzsch, 1895-

1900.

Beckmann, E.^ Professor at Erlangen. On iso-nitroso com-
pounds, 1886 ; equivalence of nitrogen valencies, 1885 ;

isomeric benzaldoxines, 1885 ; apparatus and thermometer
for molecular weight by freezing-point (1888) and boiling-

point methods (1889), etc.

Bernthsen, A. Badische Anilin u. Soda Fabrik. Methylene-

blue constitution, 1883 ; safranine, 1885 ; thiodiphenyl-

amine and phenazine syntheses, 1886 ; acridines, 1884-93 ;

hydrosulphurous acid, 1905.

Bischoff, C. A. (185 5-
1 908), Professor at Riga. Syntheses of

aliphatic acids by ketonic esters, 1876 ; on ring-formation,

1880-88 ; stereochemistry of nitrogen atom, 1890 ; steric

hindrance, 1894.

Brown y A. Crum, Professor at Edinburgh. President of the

Chemical Society, 1891. Contributions to modern structure

rotation, 1865; thetines, 1878; quantitative hypothesis

for optical rotatory power, 1891 ; electrolytic syntheses of

malonic esters, 1891 ; osmotic pressure, 1900.

CarOf H. Induline dyes, 1865 ; Bismarck brown, 1867 ; acri-

dine synthesis, 187 1 ; eosin, 1873 ; monopersulphuric

acid, 1898.

Claiseriy Z., Professor at Kiel. Aromatic ketonic esters, 1880;
benzalacetone, 1881

;
pyrazole synthesis, 1888

; /3-dike-

tones, 1889 ; tautomeric substances, 1893-99.
Collie, /. N., Professor at University College, London.

Action of heat on complex ammonium and phosphorium
salts, 1 881 -1 888 ; on the rare gases, 1896 ; space formula

for benzene, 1897 ; pyrones, quadrivalent oxygen, poly-

ketides, etc., 1 891- 1907 ; decomposition of COg by silent

electric discharge, 1901.

Curtius, 7!, Professor at Heidelberg. Diazoacetic ester,

1883 ; hydrazine, 1887 ; hydrazoic acid, 1890-93 ;
pyrazo-

line derivatives, 1894 ; aldazine transformations, 1900 ;

glycocoll, asparagine and polypeptide syntheses, 1904.

Fischer, Emily Professor at Berlin. Constitution of rosa-

niline and alkylrosanilines, 1867-75 ; phenylhydrazine,

1875 ;
phenylhydrazones, 1877 ; indol and indazoles,

1885 ; sugars, constitutions and syntheses, 1884- 1900 ;

alkyl glucosides, 1893 ; configuration of pentoses, hexoses,
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and tartaric acid completed, 1894 ; constitution and
syntheses of the purines, 1881-1901 ; syntheses of poly-

peptides, 1900; discovery of proline, 1899.
Gattermann, Z., Professor at Heidelberg. On nitrogen

chloride, 1888; alkylene phenol ethers, 1889; liquid

crystals, 1890 ; copper powder and diazo-compounds,

1890 ; electrolytic reduction of nitro-compounds, 1893 ;

sulphination by diazo-compounds, 1898 ; thio-anilides,

1899; aldehydes by Grignard reagent, 1904.

Hantzsch^ A., Professor at Leipzig. Pyridines from aldehyde
ammonia, 1882 ; coumarone syntheses, 1886 ; theory of

stereo-isomeric oximes, 1890; phenylnitromethane and
conductivity of i/^-acids and j/^-bases, 1896 ; hyponitrous

acid, 1896.

Haller, A., Professor at Paris. Syntheses from cyano-fatty

esters, 1888 ; on camphor and borneol, 1889- 1906 ; con-

stitution of camphoric acid, 1893 ;
partial syntheses

of borneol (1891) and camphor (1895) ; effect of un-

saturation (1899) and ring-formation (1905) on optical

activity.

Kipping, F. S., Professor at Nottingham. Hydrindene de-

rivatives, 1 893- 1 904 ; sulphonic derivatives of camphor,

1895 ; keto-hexamethylenes, 1897 ; organic silicon de-

rivatives, 1904-.

Knoevenagel, E., Professor at Heidelberg. Dihydroresorcinol,

1894; 8-diketones, 1894; terpene syntheses, 1896; con-

densation of aldehydes and malonic ester^ etc., by weak
bases, 1899; pyridine syntheses, 1898; moto-isomerism,

1903 ; sulphination, 1908.

Knorr, Z., Professor at Jena. Pyrazolone and antipyrine syn-

theses, 1883; quinoline syntheses, 1886; pyrazole syn-

thesis, 1887 ; tautomerism of methylpyrazole and of ben-

zene, 1894; morphine alkaloids, 1890; tautomerism of

diacylsuccinic esters, 1896- .

Le Bel, J. Stereochemistry of carbon, 1874; attempts to

make optically active benzene compounds, 1882 ; stereo-

chemistry of nitrogen, 1891; optically active asymmetric

nitrogen, 1900.

Marckwald, JV., Professor at Berlin. Furfurane compounds,

1888; glyoxalines, 1892; tautomerism, 1895; stereo-
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chemistry of nitrogen, 1900 ; optical activity without

atomic asymmetry, 1906 ; radio-activity, 1903- .

Menschutkin, N. (i 842-1 907), Professor at St. Petersburg.

Contributions to law of mass action (velocities of ester-

formation and other organic reactions ; effect of constitution

on the rate of reaction).

Meyer, Victor (1848-97), Professor at Heidelberg. Aliphatic

nitro-compounds, nitroso-compounds and nitrols, 1872;
vapour-density method, 1878 ; iso-nitroso-compounds,

1882; thiophene, 1883; isomeric oximes, 1883; steric

hindrance, 1891-4 ; esterification and saponification "laws,"

1895 ; iodoso-, iodo- and iodonium compounds, 1895.

Perkin^ W. H., Professor at Manchester. Berberine, 1889;
tetramethylene compounds, 1894; hexamethylene syn-

thesis, 1894 ; oxidation-products of camphor, 1895-

1902; braziline and haematoxylin, 1900-7; syntheses in

the terpene series, 1905- ; brucine and strychnine, 1910.

Thiele, J., Professor at Munich. Guanidine derivatives, 1902;
tetrazole derivatives, 1895 ; nitramide, 1897 5 theory of
" partial valencies," 1899; unsaturated lactones, 1902.

Vo}i Fechmamt, H. (1850-1803), Professor at Tubingen. On
anthraquinone, 1880; coumarin-syntheses, 1883; a-dike-

tones, 1887 ;
/-xyloquinone from diacetyl, 1889; diazo-

methane, 1894; preparation of hydrazine, 1895.
Wallach^ O., Professor at Gottingen. Extensive work in the

terpene series, 1887- .

Willstdtter, R., Professor at Munich. Tropic acid, tropine

and atropine, 1895-1903; ecgonine and cocaine, 1897-

1903; lecithin, 1904; ^-quinones, pyrones, 1905; chloro-

phyll, 1907- .

Wislkenus, J. (1835-1902), Professor at Wiirzburg and
Leipzig. On aldehyde-ammonia condensations, 1859

;

lactic acids, 1861-1873 ; oxyacids from cyanhydrins, 1862 ;

ketonic and other organic ester syntheses, 1869-82 ; alkyl-

acetoacetic esters, 1883 ; stereochemistry, "Die raumliche

Anordnung der Atome," 1887 ;
pentamethylene syntheses,

1895.
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Saytzew, 124, 125, 130, 221.

Scheele, 13, 16, 17, 18, ig, 20, 23,

25, 62, 64, 65, 66, 69, 70, 71, 76,

77, 92, 102, 120, 121, 123, 125,

151, 186, 188, 199, 201, 202,

211, 230, 231.

Scheibler, 92, 146, 151, 239.
Scherer, 145, 176, 237.
Schiel, 82.

Schiff, 96, 103, 134, 146, 204.
Schimmel, 143, 161.

Schlesmann, 193.

Schlutius, 163.

Schmidt, in, 143.
Schorlemmer, 54, 169.

Schonbein, 68, 72, 171, 199.
Schotten, 204.

Schraube, in, 199.

Schroder, 182.

Schrotter, 141.

Schryver, 107.

Schultze, 150, 188.

Schulze, 120, 238.
Schunhardt, 62.

Schiirer, 168.

Schiitze, 187.

Schiitzenburger, 72.

Schutzenbach, i6i.

Schwald, 200.

Schwann, 153, 235.
Schwarz, 170.

Schweizer, 143.
Seebeck, 69.

Seger, 164.

S^guin, 139, 231.

Selmi, 147.
Semmler, 142, 143.
Senarmont, 67.

Senderens, 118.

Senebier, 137.
SeruUas, 121, 200, 234.
Sertuerner, 139, 141, 233.
Seubert, 207.
Shenstone, 141.

Shields, 183, 243.

Siemens, 156, 164.

Silber, 94.
Silbermann, 191.

Silow, 184.

Silva, 120.

Simpson, 121, 125.

Skraup, 132, 134, 140, 141.

Smiles, 71, 107, 116, 118, 130, 200.

Sobrero, 121, 171, 236.

Solomon, 5.

Solvay, 159, 238.

Sonnenschein, 140.

Soret, 72.

Soubeiran, 71, 121.

Spilker, 93.
Spode, 164.

Sprengel, 182.

Spring, 72.

Staedel, 183.

Stahl, 15, 16, 210.
Staigmuller, 41.

Stark, 58, 186.

Stas, 42, 146, 199, 206, 207, 217,

235-
Staudinger, 126.

Stenhouse, 120.

Stephen, 143.

Stewart, 107, 126, 192, 196.

St. Gilles, 47, 193, 238.

St. Meyer, 184.

Stohmann, 96.

Stoney, Johnstone, 41, 44, 186.

Streatfield, 126.

Strecker, 124, 125, 128, 139, 141,

147, 148, 150, 151, 220, 237,

238.

Stromeyer, 69, 156.

Sudborough, 106.

Swan, 186.

Sylvius, 10, 14.

Synesius, 8.

Tachenius, 10, 201.

Tafel, 135, 141.

Talbot, 188.

Tammann, 175, 180.

Tanret, 145.

Tennant, 70, 160.

Tessi6, 165.

Tessorin, 178.

Thales, 27.



INDEX OF NAMES 257

Thdnard, 60, 62, 65, 71, 72, 84,

129, 157, 160, 168, 203, 214.
Theophrastus, 69.

Thiele, 54, 99, 100, 228, 244.
Thole, 196.

Thomas, 156.

Thomsen, Julius, 47, 96, igi, 193,

2l6, 237.
Thomson, Thomas, 41.

Thomson, Sir J. J., 43, 56.

Thorpe, 73, 183, 184, 207.

Tickle, 244,
Tiemann, 122, 123, 142, 143.
Tilden, 142, 143, 190.

Tilghman, 164.

Tollens, 117, 126, 183, 199.

Traube, J,, 103, 177, 182.

Traube, W., 149, 151, 244.
Travers, 22, 244.
Trouton, 183.

Tschitschibabin, 119.

Tschugaew, 114, 115, 224.

Ulrich, 75.

Unger, 151,236.
Unverdorben, 128, 233.
Urbain, 73, 201.

Ure, 171, 234.

Valentine, Basil, 9, 23, 29, 62, 64,

65, 69, 70, 120, 198, 201.

Van der Plaats, 207.

Van der Waals, 173, 179, 182, 206,

224, 241.

Van Deventer, 196.

Van Grote, 126.

Van Helmont, 10, 17, 19, 20, 23, 62,

64, 65, 76, 117, 152, 170, 172,

202, 209.
Van Than, 129, 239.
Van 't Hoff, 48, 67, 94, 100, 108,

no, 112, 113, 115, 125, 126,

177, 178, 180, 191, 194, 195.

196, 224, 240, 241.

Varrentrapp, 203.

Vaubel, 100.

Vaudin, 161.

Vauquelin, 66, 69, 70, 125, 137, 150,

213, 231, 232, 233.
Veley, 205.

Veraguth, 94, 245.

17

Verguin, 169, 237.
Vernet, 181.

Vernon, 184.

Vieille, 171, 189, 242.
Villiger, 143.
Vogel, 187.

Voget, 143.

Voit, 138, 139.
Volckel, 143.

Volhard, 133, 150, 151, 205, 222,

239.
Volta, 49, 178.

Vongerichten, 141.

Von Pechmann, 92, 118, 123, 127,

128, 228, 243.
Von Reichenstein, 70.

Waage, 47, 48, 192, 239.
Wackenroder, 72.

Wagemann, 161.

Wagner, 142, 143, 157.

Wanklyn, 169.

Walden, 113, 114, 115, 177, 178,

184, 224, 243, 245.

Walker, J. W., 178, 194.

Walker, 41, 177, 192, 193, 224.

Wallach, 142, 143, 228.

Walz, 146.

Warburg, 22, 189.

Waterson 173, 236.

Watson, 70, 230.

Weber, 71, 190.

Wedgwood, 164.

Weidel, 140.

Weil, 132.

Weith, 91, 102.

Weldon, 158, 239, 241.

Welsbach, 73, 158, 167, 241.

Welter, 120, 169, 231.

Weltner, 200.

Wenzel, 45, 192, 230.

Werner, 54, 55, 65, no, in, 175,

222, 242.

Wertheim, 129.

Weselsky, 169, 201.

Whiteley, 114.

Whitney, 178.

Wiedemann, 189.

Wiggers, 143.

Wiis, 178.

Wilhelmy, 47, i53. i93. i94. 237-



258 A SHORT HISTORY OF CHEMISTRY

Wildemann, i88.

Wilsmore, 126, 192, 245.
Will, 146, 203, 238.

Willgerodt, 115.

Williams, 143.

Williamson, 52, 57, 84, 85, 86, 120,

121, 220, 237.
Willstatter, 94, 138, 140, 141, 228,

244, 245.
Winkelblech, 178.

Winkler, 70, 160, 165, 205, 207, 217,
240.

Winsor, 167.

Wislicenus, J., 94, 109, 112,119, 122,

124, 125, 228, 240.

Wislicenus, W., 71, 103, 104.

Witt, 187.

Wittorf, 143.

Wohl, 145, 146, 243.
Wolffenstein, 72.

Woskresorski, 123, 151.

Wolf, 126.

Wolter, 165.

Wohler, 3, 62, 65, 68, 69, 71, 72, 77,

78, 80, 86, 102, 120, 122, 123,

124, 125, 128, 130, 137, 139,

141, 146, 147, 150, 151, 157,

163, 197, 202, 218, 233, 234.
WoUaston, 35, 70, 150, 186, 187,

213, 231, 232.

Wray, 125.

Wright, 141.

Wroblewski, 95, 174, 241.

Wurtz, 51, 52, 71, 73, 84, 85, 86, 92,

118, 119, 122, 127, 151. 219,
236, 237, 239, 240.

YOSHIDA, 143.

Young, S., 174, 180, 224.
Young, T., 182.

Zeise, 129.

Zeisel, 141, 201, 204.

Zelinsky, 94, 245.
Zincke, 144, 241.

Zinin, 127, 128, 170, 199, 219, 236.

Zogoumenny, 199.

Zosimos of Panopolis, 8.



INDEX OF SUBJECTS

AcETOACETic cster, lOI.

Acetyl theory (Liebig), 79.
Acid amides and anilides, organic,

124, 151.

Acid anhydrides and peroxides,

organic, 124.

Acid chlorides, organic, 124.

Acids, 13, 50, 59, 62, 71, 122-5, 145-

51-
— amide, detailed summary of,

114, 125, 145, 147, 150.— carboxylic, detailed summary of,

122, 125.— detailed summary of, 62, 71.
— ethylenic, detailed summary of,

124, 125.
— hydroxy, detailed summary of,

124, 125.— ketonic, detailed summary of,

126.

— polybasicity of, 52, 61.

Affinity, chemical, 45.— residual, 54.

Agricultural chemistry, 138.

Air, nature of, 16, 17.

Albumens, 147.

Alchemy, medicinal, 4, 7, g.— transmutational, 4, 6, 7.

Alcohols, detailed summary of, 119,

120.

Alcohol, technical methods, 160, 161.

Aldehydes, detailed summary of,

121, 123.

Alexandrian Academy, the, 8.

Alkalies, 64.— electrotechnical methods of

preparation, 157, 158, 159.

Alkaloids, detailed summary of,

iig, 120.

(2

AUotropy, 68.

Amido-compounds, organic, detailed

summary of, 127, 128.

Ammonium bases, organic (Hof-
mann), 84, 85.

Analysis, gas, 205.
— inorganic qualitative, 201.

quantitative, 201.
— mineral, 66, 201.
— of alkaloids, 140.
— of sugar, 144.— organic qualitative, 202.

quantitative, 203.
— spectrum, 21, 68, 157.— volumetric, 204.

Animal chemistry, 137.

Antimony, organic derivatives of,

129.

Apparatus, improvements in, 197,

198.

Arabs, chemistry of, 8.

Arsenic, organic derivatives of, 129.

Atom, definition of (Laurent), 38, 81.

Atomic theory (Dalton), 32-4.

— weight confusion (1830- 1850),

37-— weights, determination of

(Berzelius), 35. 206.

(CannizzarojTPT 206.

(Dumas and Marignac),

206.

(modern), 206-7.

jStas), 42.

(summary), 207.

mathematical regularities in,

42.4.

*« Barred Symbols " (Berzelius), 31.

Bases, 13, 50, 52.

59)
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Bases, detailed summary of, 64.

Benzene, physical properties of, 96.— space formula for (dynamic),

98, 100.

(static), 97, 99, 100.

— theory, 88-90, 94-6, 113.

Boiling-point, 183, 184.

elevation of (Beckmann),

Carbides, 163.

Carbon atom, tetrahedral (Le Bel-

van't Hoif), 108, 112.

Carbonic acid, Black on, 18, 64.

nature of, 19, 62.

Catalysis, 194.

Cathode rays, 43.

Cements, 164, 165.

Chemical methods, improvements
in, 198-201.

Chemical statics and dynamics, 48,

192-5.

Chemistry, origin of name, 6.

Chinese, chemistry of, i, 3, 5.

Chlorine, elementary nature of, 60.

— technical preparation of, 158.

Christianity in relation to chemistry,

6, 8, 9.

Classification of organic compounds
(Gerhardt, Laurent), 82, 86.

Clays, 164.

Coal-tar products, 167, 168.

Colloids, 178, 179.

Colour, theories of, 187.

Combustion and respiration, analogy
between, 14.— Lavoisier's theory of, 3, 24, 26,

166.

— phlogistic theory of, 2, 12, 15,

16.

Condensation, aldol, 122.— benzoin, 122.

— Claisen, 122.

— Knoevenagel's, 126.

— of malonic and acetoacetic

esters, 126.
— Michael's, 126.

Constant combining proportions,

law of, 46, 49.
Controversy, Proust-Berthollet, 46.

Copulated compounds, 82, 83.

Critical phenomena of gases and
liquids, 174.

Crystallography, 66, 175.

Crystals, liquid, 175.

Cyclic compounds, conjugated car-

bocyclic, detailed summary
of, 93-

heterocyclic, detailed sum-
mary of, 91, 92, 131-6.

reduced carbocyclic, detailed

summary gf, 94, 118.

Desmotropy, ioi.

Diazo-compounds, detailed summary
of, 128.

isomeric, iii.

Dielectric constant, 184.

Diffusion, 178.

Diketones, detailed summary of, 123.

Dispersive power, 185.

Dissociation, 174, 175.

Dyestuffs, 5, 167.— detailed summary of, 168-70.

Egyptians, chemistry of, 2, 3, 5.

Electrical conductivity, 177, 178.

of acids, 177.

of pure water, 177.

Electric furnace, 158.

Electrochemical theory of Arrhenius

and Faraday, 57.

(dualistic) of Berzelius, 31,

50, 51, 56, 60, 61, 63, 66.

of Clausius, 56.

(dualistic) of Davy and
Volta, 49, 56, 76.

of Grotthus, 56.

Electrochemistry, theories of, 191,

192.

Electrolysis, hydrate theory of, 58.

— laws of, 51.

Electrolytes, amphoteric, 178.

Electronic theory, 44, 56, 58.

Electrons, 43.

Electrotechnical methods, 154, 156,

157, 158, 159, 162, 163.

Elements, alchemical, 14, 28.

— Aristotelian, 14, 27.— Boyle's definition of, 29, 32.— detailed summary of, 6g, 70.

Enzymes and enzyme action, 152.
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Epochs, chief chemical, i.

Equivalent combining proportions,

law of, 32.
— definition of (Laurent), 38, 52,

81.

Esterification, 47, 193.
Esters, detailed summary of, 121.

Ether and alcohol, relation between
(Williamson), 84.

Etherin theory (Dumas and Boullay),

79.

Ethers, detailed summary of, 119.

Ethylenic compounds, stereoiso-

meric, 109.

Eutectic point, 196.

Explosives, 170, 171.

Fermentation, theories of, 152.

Fluorescence, 187.

Freezing-point, depression of

(Raoult), 181.

Furfurane compounds, 92, 133, 136.

Gases, for heating purposes, 166.

— liquefaction of, 21, 174.— physical investigation of, 13,

172-4.
— the inert, 20, 21, 40.

Gas-lighting, technical improve-
ments in, 158, 167.

Glass, 5, 163.

Glucosides, 142, 146.

Greeks, chemistry of, 2, 6.

Grignard's reaction, 119, 121, 122,

131-

Halides of non-metallic elements,

72.

Halogens, 60.

— compounds, organic, 200.

Heat of chemical combination, 190.
— technical methods, 166.

Hemihedry, 176.

Hindus, chemistry of, i, 5.

Hydrazine derivatives, detailed

summary of, 128.

Hydrides of the elements, 71.

nitrogen group, 71.

Hydrocarbons, detailed summary of,

117.

Hydrogen, nature of, 23, 24.

Hydrolysis, 193, 200.

Hygienic chemistry, 138.
Hypothesis, Avogadro's, 35, 173.— Prout's, 41.

Illuminants, 166.

India-rubber industry, 165.

Indicators, theory of, 205.
Inductive reasoning, applied to

chemistry, 2, 11, 12.

Inorganic compounds, structure of,

49.
Internal friction, 183, 196.

Ionic theory of Arrhenius, 57, 61.

Isomerism, 68, 77.— dynamic, 100-5.
— geometrical, 107- 11.

— optical, 111-16.

Isomorphism, Mitscherlich's law of,

49.
Isonitriles, detailed summary of,

128.

Isonitroso compounds, detailed

summary of, 129.

Isoquinoline compounds, 135, 136.

Jews, chemistry of, 3.

Keten, 126.

Ketones, detailed summary of, 121,

123.

Kinetic theory of gases, 173.

Latej^t heat, 190.

Magnetic rotation, 185, 186.

Magnetism, 184.

Mass-action, law of, 45, 47, 48.

Matches, 165.

Melting-point, 183.

Meta elements (Crookes), 73.

Metal alkyIs, detailed summary of,

130.

Metallammine compounds, 54.

Metallurgy, 5, 154-6.

Metallurgy of iron and steel, 155-7.

Metals of the rare earths, 73.

Meteorites, 68.

Mineralogy, 65.

Molecular dispersive and refractive

power, 96, 103, 185, 193.
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Molecular magnetic rotatory power,
103, 185, 186.

— volume, 96, 182.

— weight, physical determination
of, 179-81.

Molecule and molecular weight, de-

finitions of (Laurent), 38, 81.

Morphotropy, 176.

Multiple combining proportions,

law of, 33, 49.

NiTRILES, 124.

Nitro and nitroso compounds,
organic, 127, 171, 199.

Nitrogen, discovery of, 19.— fixation of atmospheric, 155,

162, 163.— optically active, 115.
— technical preparation of, 158.

Nomenclature of chemical com-
pounds, 30, 60.

Notation, chemical (Berzelius), 31,

32.

(Dalton), 32.— modern structure, 53, 87, 88.

Nucleus theory (Laurent), 80.

Octaves, law of (Newlands), 39.

Optical activity and ring-formation,

114.

and unsaturation, 115.

of electrolytes, 115.

of homologous series, 114.

quantitative theory, 113.

Organic chemistry, 13, 76, 117, 137.
Osmotic pressure, 177.

measurement of, 180, 181.

Oxidation, electrolytic, 192.
— of organic compounds, 199.

Oxides and oxy-acids of nitrogen,

phosphorus and sulphur, 71.

Oximes, detailed summary of, 129.
— stereo-isomeric, 109, no.
Oxygen, discovery of, 18.

— technical preparation of, 158.

Paper, 165.

Periodic system of elements, 38-41,

53.
anomalies of, 40, 208.

(Benedicks), 74.

Peroxide of hydrogen and per-acids,

72.

Phase rule, 195.

Phenols, detailed summary of, 120.

Phlogistic chemists, 12.

Phoenicians, chemistry of, 3, 5.

Phosphorus, organic compounds of,

129.

Photo-chemistry, 187-189.

Physical properties, additive, con-

stitutive, colligative, 181.

and chemical constitution,

relations between (electrical),

184.

(mechanical), 18 1-4.

r- (optical), 185-189.

(thermal), 189-91.

Polyketides, 126.

Polymerism, 68, 77.

Polymorphism, 68, 176.

Pottery, 5, 154, 164.

Proteins, 145, 148.

Purines, 145, 149, 151.

Pyridine compounds, 91, 133, 134,

136.

Pyrone compounds, 91, 136, 170.

Pyrrol compounds, 92, 133, 136.

QuADRiVALENCY of carbon, 87.

Quinoline compounds, "9 1, 132-4, 136.

Quinones, detailed summary of, 123.

Radicle theories in organic
chemistry, 78, 83, 86.

— theory, Liebig's first, 78.

Radioactive elements, 75.
Radioactivity, 23.

Rate of reaction, 193, 194.

Reduction of organic compounds,
n8, 199.

Reduction, electrolytic, 191.

Refractive power, 185.

Romans, chemistry of, 6.

Salts, inorganic, 13, 32, 50, 62, 63.

Salts, inorganic, detailed summary
of, 64, 65.

Saturation capacity, 86.

Selenium, optically active, 116.

Silicon compounds, organic, detailed

summary of, 130.
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Silicon, optically active, 116.

Soap, manufacture of, 162.

Societies, alchemical, 10.

Soda manufacture, 159.

Solution, theories of, 176, 177.

Specific atomic heat, 36, i8g.

Specific gravity and specific volume,
182.

Specific heat of gases, iSg.

of elements and compounds,
189, igo.

Spectra absorption, 96, 104, 187,

193, 196.
— of elements, 43, 186.

Spectroscopy, 186, 187.

Steric hindrance, 105-7.

Structural theory, modern, in or-

ganic chemistry, 78, 86, 87.

Substitution, 51, 80, 166.

Sugars, 142, 144, 146,— technical preparation of, 161.

Sulphonation and sulphination, 200.

Sulphur, optically active, 116.

Sulphur compounds, organic, de-

tailed summary of, 129, 130.

Sulphuric acid, manufacture of, 155,
160.

Surface tension, 182.

Synthesis, asymmetric, 114.

— electric, 192.— of alkaloids, 140, 141.
— of amido-acids and proteins,

147, 148, 150.
— of hydrocarbons, 118.

— of organic dyestuffs (technical),

155.
— of purines, 149, 151.
— of sugars, 144, 146.
— of terpenes, 142, 143.— of vegetable and animal pro-

ducts, 139.

Tautomeric compounds, detailed

summary of, 102, 103.

Tautomerides, physical properties

of, 103, 104.

Tautomerism, 100.
— theories of, 104, 105.

Technical chemistry, 13.

Terpenes, detailed summary of, 140,

142, 143.— technical preparation of, 161.

Theory of residues (Gerhardt), 81.

Thermite process (Goldschmidt),
158.

Thermo-chemistry, 96, 189-91, 193.— of explosives, 170.

Thiophene compounds, 92, 133, 136.
Tin, optically active, 116.

Transmutation of metals, 2, 5.

Type theories in organic chemistry,

52, 78, 80, 84, 86.

Type theory, mechanical (Dumas),
81.

Types, four general (Gerhardt), 82,

86.

T5'pes, mixed (Williamson), 85, 86.

Unsaturation, conjugated, 54.

Urea, derivatives of, detailed sum-
mary, 128, 150, 151.

Valency, 51-6, 85, 86, 88.

— and the electronic theory, 56.
— " normal " and »• contra," 55.— Werner's theory, 54.

Vapour-density determination (Du-

mas), 37, 179.

(Hofmann), 180.

(Victor Meyer), 180.

(Regnault, etc.), 179.

theory, 179.

Vapour-pressure curves, 196.

Vegetable chemistry, 137.

Vinegar, manufacture of, 161.

Vital force theory of organic

chemistry, 77.

Volumes, Gay-Lussac's law of, 33,

35. 173.

Walden inversion, 113.

Water, nature of, 16, 23,24.
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MESSRS. METHUEN'S
Educational Books

{The kooks are arranged under each subject in the alfhaietical erder
•fthe authors' names)

•$*

Citizenship
Home and State : An Elementary Book on Economics and Civics.

By Susan Cunningtok, Wiston's School, Brighton. Author of **The
Story of Arithmetic," etc. Crown 8vo, 2s. 6d.

This book is for the Upper Forms in schools, and gives in simple language
an account of the fundamental principles which underlie our modern
economic and political conditions. Throughout the present has been
connected with the past, by noting the beginnings of corporate hfe and
effort, and by tracing the development of political institutions.

The desirability of cultivating an intell^ent patriotism is acknowledged
by all, and there is a growing recognition that this can best be done, as in
this book, by training in the young a conception of the value and meaning
of civic and social responsibility.

A. London Reader for Young Citizens, By W. G. Foat, M.A.,
D.Litt. Crown 8vo, is. 6d. (See p. 8.)

The Bights and Duties of the English Citizen. By H. E. Malden,
M.A. Seventh Edition. Crown 8vo, is. 6d. (See p. 21.)

Commerce
Commercial Law. By W. Douglas Edwards. Second Edition.

Crown 8vo, 2s. {Commercial Series.

A comprehensive outline of the Commercial Law of England adapted
for students. As far as possible technical phraseology has been avoided,
and the book has not been burdened with legal decisions.

Commercial Examination Papers. By H. de B. Gibbins, Litt.D.,

M.A. Crown 8vo, is. 6d. {Commercial Series.

A volume of Elxamination Papers on Commercial Geography, Commercial
History, Book-keeping, Business and Office Work, Commercial French, and
Commercial German.

The Economics of Commerce. By H. de B. Gibbins, Litt.D., M.A.
Second Edition. Crown 8vo, is. 6d. [Commercial Series.

This book presents in a simple, popular, and elementary way the main
economic principles which underlie modem commerce.

A Primer of Business. By S. Jackson, M.A. Fourth Edition.

Revised and Enlarged. Crown 8vo, is. 6d. [Commercial Series.

A sketch in a readable yet exact form of the salient points in the theory

and practice of Modern Commerce. In addition to such fundamental

subjects as Exchanges, Banking, and Insurance, it contains some accoimt

of Office-work, Book-keeping, Correspondence with Examples, and in

particular, the best devices for sorting papers, docketing letters, reckoning

dates, etc., are fully explained.

An Entrance Guide to Professions and Business. By H. Jones.

Crown Svo, is. 6d. [Commercial Series.

This book deals with three professions and a large number of trades, and
shows the qualities necessary to success in each, the age at which it is best

to begin, the conditions of preparation, and the cost of all that is preliminary

to the boy's earning his own living.
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Precis Writing and Office Correspondence. By E. E. Whitfield,
M.A. Second Edition. Crown 8vo, 2s. [^Commercial Series.

The subjects dealt with here are Business Correspondence in General,
Circulars and Advertisements, Sale and Purchase, Carrying Trade, Trans-
mission of Money, Precis, Civil Service Precis, Commercial Precis, Applica-
tion of Precis to Journalism, Application of Precis to Foreign Languages.
For other books on Commerce, see also under "French" " German"

"Geography," "History,** "Mathematics.'^

Divinity
The First Book of Kings. Edited by A. E. Rubie, D.D., Head-

master of Eltham College. With 4 Maps. Crown 8vo, 2s.

[Junior School Books.
The Gospel according to St. Mark. Edited by A. E. Rubie, D.D.

With 3 Maps. Crown 8vo, is. 6d. [Junior School Books.
The Acts of the Apostles. Edited by A. E. Rubie, D.D. With 3

Maps. Crown Svo, 2s. [Junior School Books.
The Gospel according to St. Matthew. Edited by E. W. South,

M.A. With 3 Maps. Crown Svo, is. 6d. [Junior School Books.
The Gospel according to St. Luke. With an Introduction and Notes

by W. Williamson, B.A. With 3 Maps. Crown Svo, 2s.

[Junior School Books.
These editions arc designed primarily for those preparing for junior ex-

aminations such as the Junior Locals, and those of the Joint Board. At the
same time they will also prove useful for those preparing for higher examina-
tions, such as the Higher Certificate. The editors have tried to make the
introduction and notes as stimulating as possible, and to avoid mere "cram."

A Primer of the Bible. By W. H. Bennett, M.A., Professor of Old
Testament Exegesis at New and Hackney Colleges, London. With a
concise Bibliography. Fifth Edition. Crown Svo, 2s. 6d.

This Primer sketches the history of the books which make up the Bible in

the light of recent criticism. It gives an account of their character, origin,

and composition, as far as possible in chronological order, with special

reference to their relations to one another, and to the history of Israel and
the Church.

Old Testament History for TJse in Schools. By W. F. Burnside,
M.A., Headmaster of St. Edmund's School, Canterbury. Fourth
Edition. Crown Svo, 3s. 6d.

A Fifth Form textbook written in the belief that it is possible with all

reverence to tradition to make the Old Testament a real living force in

religious education.

The Student's Prayer Book. The Text of Morning and Evening
Prayer and Litany. By W. H. Flecker, M.A., D.C.L., Head-
master of the Dean Close School, Cheltenham. With an Intro-

duction and Notes. Crown Svo, 2s. 6d.

An edition arranged for the Local Examinations. The Notes are at the foot

of the page, and so arranged that they are on the same page as the text to which
they refer, thus avoiding the necessity of constantly turning over the pages.

An English Church History for Childien. By Mary E. Shiplev.
With a Preface by William E. Collins, D.D., Bishop of Gibraltar.

Two Volumes, crown Svo, 2s, 6d. net each. Vol. L, a.d. 597-1066,
xvi -f 253 pp., with 12 Illustrations and 3 Maps; Vol. II., A.D. 1066-

1500, xi + 351 pp., with 12 Illustrations and i Map.
"This instructive little book is very well written, and furnished with a

good index, and rendered attractive by beautiful illustrations."

—

Record.

"We almost live in a past age as we read chapter after chapter of this

excellent book."—C/*»rM Bells,
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Junior Scriptxire Examination Papers: Old Testament. By
W. Williamson, B.A. Fcap. 8vo, is.

\_
Junior Examination Papers.

A Series of Examination Papers on the books of the Old Testament,
usually prescribed for the "Local" and other Ejcaminations. There are
seventy-two Papers (each of ten questions) covering the whole ground, and
graduated in diflficulty. The easier papers would be suited to the Pre-
Uminary Local Examination, while the more difficult would meet the
requirements of any school examination in the subject.

Junior Scripture Examinations: New Testament. By W.
Williamson, B.A. Fcap. 8vo, is. ^Junior Examination Papers,

A Series of Examination Papers on the Gospels, the Acts of the Apostles,
and certain of the Epistles, designed to meet the requirements of the
"Local" Examinations, and of the periodical revision of the subject in

school. There are seventy-two papers (each of ten questions), so arranged
as to cover the whole ground and as far as possible on a scale of increasing

difficulty.

The easier Papers would be suitable for the Preliminary Local Examina-
tion, while the harder would meet the requirements of any school examination
in the subject.

Stories from the Old Testament. By E. M. Wilmot-Buxton,
F.R.HistS. Crown Svo, is. 6d. [Beginner^s Books.

These stories have been told in the simple and dignified words of the Bible,

with brief explanations where necessary, and selected so as to show the con-

tinuity of the Divine dealings with the Hebrew people in preparation for the

revelation of the New Testament.
An attempt has been made to avoid the chief difficulty met with in teaching

the Old Testament to children, by basing these stories on the firm founda-

tion of spiritual rather than literal inspiration. It b hoped that by showing
that they are concerned rather with values than with supematursil history,

they may never have to be unlearnt or unduly modified in later years.

Stories from the New Testament. By E. M. Wilmot-Buxton,
F.R.Hist.S. Crown Svo, is. 6d. [Beginner^s Books.

Arranged in the form of consecutive stories, with brief explanations and
connecting links where necessary, this volume forms a complete life of

Christ, together with an account of the Early Church and the life of St.

PauL The stories are told almost entirely in the words of the Bible, and
form a companion volume to "Stories from the Old Testament," by the

same author.

Domestic Science

Millinery, Theoretical and Practical. By Clare Hill. Fifth

Edition. Crown Svo, 2s. [Textbooks of Technology.

A treatise, concise and simple, containing all required for the City and

Guilds of London Examination, and providing a suiuble course for evening

classes.

Instruction in Cookery. By A. P. Thompson, Instructress to the

London County Council. W'th 10 Illustrations. Crown Svo, 2s. 6d.

[Textbooks of Technology.

The most suitable form of syllabus and the best practical examples for

demonstration are discussed at some length.

How to make a Dress. By J. A. E. Wood. Fourth Edition.

Crown Svo, is. 6d. [Textbooks of TuhncUgy.

A short textbook based on the syllabus of the City and Guilds of London

Institute Examination.
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English

Selections from English Literature. Vol. II. (1700 to the Present

Day). By H. N. Asman, M.A., B.D., Second Master of Owen's
School, Islington. Crown 8vo, 2s.

This is the second of two volumes of selections that have been prepared
for use with Messrs. Methuen's "English Literature," by F. J. Rahtz,
M.A.,B.Sc.

The period covered is 1700 to the present day. The extracts JBrom prose,

poetry, and drama have been chosen to illustrate the various aspects of the

work of the leading authors, and the general development of the literature

of the period. Care has been taken that the selections should all be
thoroughly worth studying.

A First Course in English. By W. S. Beard. Crown 8vo, is. 6d.

[Beginners Books.
This book is a working class-book in English for the Lower Forms of

Secondary Schools and pupils in Primary Schools. First, it provides, side

by side, a progressive course in analysis and elementary composition ; the

use of words and their relation to each other in sentences. The exercises

for practice are very numerous, varied, and carefully graduated ; many
exercises are adapted for oral composition. Second, it provides a textbook
of the leading principles of grammar—accidence and elementary syntax

—

which will enable young pupils to apply these principles intelligently, step

by step, to practical work in analysis and parsing. The book is specially

suitable as an introductory course to "A Junior English. Grammar" (which

is a volume in the same series). Sets of Examination Questions are included

which will furnish useful preparation for the Oxford and Cambridge Pre-

liminary and the College of Preceptors Examinations; also for pupils in

Primary Schools preparing for County Council Scholarships.

The Story of Milton's "Paradise Lost." Narrated for the most
part in the actual words of the Poet. By George Carter, M.A.,
Headmaster of New College School, Oxford. Crown 8vo, is. 6d.

The main feature of this book is that the story of "Paradise Lost" is

narrated for the most part in the actual words of the poet, but where this

was found to be impracticable, short original passages are introduced to

preserve the continuity of the story. Most of the classical and other

allusions, which contribute Uttle or nothing to the development of the story,

are omitted. Concise footnotes are added to explain difficult or obsolete

words.
The book is prefaced with a " Short Sketch of the Life and Works of

Milton," and a Synopsis of " Paradise Lost" is also added.

English Literature for Schools. By E. E. Firth, History Mistress

at the High School, Croydon, Author of "A First History of Greece."

With 4 Maps. Cr. 8vo, 2s. 6d. [Junior School Books.

There are five points in this excellent Introduction to English Literature.

First, by comparison, the importance and the style of the various writers are

shown. Second, many illustrations of their works are given, and the reader

thus gains a knowledge of the style of the great vsriters. Third, all difficulties

are explained by notes at the foot of the page. Fourth, short summaries of

the chief historical events of the period are given, with brief explanations of

the political, social, and religious tendencies of the times. Thus the reader

realises that all great writers are representative of the ideas of their genera-

tion. Fifth, maps have been prepared to enable the reader to realise the

local environment of the great writers.

At the end of each chapter are to be found summaries, sets of questions,

and also suggestioM f©r further reading.
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Ballads of the Brave : Poems of Chivalry, Enterprise, Courage, and
Constancy. From the Earliest Times to the Present Day. By
F. Langbridge, M.A., D.Litt., Canon of St. Munchin's, St. Mary's
Cathedral, Limerick. Fourth and Revised Edition, with Notes. Crown
8vo, 3s. 6d.

In this new edition Canon Langbridge has replaced all outworn matter by
new poems, carrying the story and the interest down to the present hour.
In addition to the best chivalric verse of Scott, Byron, Campbell, Keats,
Tennyson, Browning, Macaulay, Aytoun, Kingsley, William Morris,
Sir F. Hastings Doyle, the edition includes many copyright poems in praise

of gallant thought or gallant deeds by the Poet Laureate, Watts-Dunton,
George Barlow, Conan Doyle, Owen Seaman, Kipling, Newbolt, Noyes.
It is a book for all who love and are proud of England, for all who love

chivalry, adventure, and gallant pastime
;

pre-eminently, it is a book for

high-spirited boys. It begins with the "Siege of Troy" and ends with a
"Song of Federation," a call to the Boy Scouts, and England's claim to

wield for ever "The Sceptre of the Sea." Careful notes, historical, critical,

philological, are given separately from the text.

A Short Story of English Literature. By Emma S. Mellows.
Crown 8vo, 3s. 6d,

The story of the beginning and growth of English literature told in a very

simple form for schools and the home. In addition to describing the

literature and writers, some space is given to describing the character of the

age under consideration.

Higher English. By F. J. Rahtz, M.A., B.Sc, Senior Lecturer

at Merchant Venturers' Technical College, Bristol. Fifth Edition.

Crown 8vo, 3s. 6d.

This book provides a much-needed course in the study of modern English,

suitable for pupils in the Upper Forms of Secondary Schools. Examination

Papers set recently at London University are added.

Junior English. By F. J. Rahtz, M.A., B.Sc. Fifth Edition.

Crown 8vo, is. 6d.

This book is intended for the Lower Forms of Secondary Schools. It

deals with Grammar, the Construction of Phrase and Sentence, Analysis,

Parsing, Elxpansion, Condensation, Composition, and Paraphrasing, and
many other Exercises in the use of English. The Questions and Exercises

are numerous and varied.

English Literature. By F. J. Rahtz, M.A., B.Sc, Senior Lecturer

in English at the Merchant Venturers' Technical College, Bristol.

Author of *' Higher English," "Junior English." Crown 8vo, 2s. 6d.

This work is suitable for pupils in the Upper Forms of Secondary Schools,

and also for older students. Its aim is to review in a general but critical

manner the groundwork of English Literature. Special attention has

therefore been paid to the course of the development of our literature

;

the general characteristics of each period and the external influences

bearing upon it are carefully explained. The work and style of the greater

authors are discussed in some detail, and brief illustrative extracts from

their works are given; lesser authors are treated in due proportion.

Questions, many of which are suggestive and require further thought and

study, are appended to each chapter.

The book will be found useful for such examinations as the Cambridge

Senior Local and London Matriculation, and will form an excellent

foundation for more advanced examinations.

Selections from English Literature. Vol. I. (1350-1700). By F. J.

Rahtz, M.A., B.Sc, Senior Lecturer in English at the Merchant

Venturers' Technical College, Bristol. Crown 8vo, 2s.

It is important for the student to have a first hand acquaintance with

the authors themselves beyond what may be obtained from the bnefP
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extracts given in the English Literature above described. For this purpose
two volumes of Selections, uniform with the "English Literature," have
been prepared. The present volume covers the period from 1350 to 1700.
Extracts are given from prose, poetry, and the drama. In dealing with
verse, complete poems have been given where space would permit ; and
in the case of the drama, prose, and longer poems, the extracts are such
as should be intelligible by themselves or with the aid of brief prefatory notes.

As a rule, the space devoted to an author is in proportion to his importance.

Junior English Examination Papers. By W. Williamson, B.A.,
Fcap. 8vo, IS. [Junior Examination Series.

This book contains Seventy-two Papers of Ten Questions each, and will

be found to meet the requirements of all the Examinations in English usually
taken in Schools up to the " Senior Locals."

A Class-Book of Dictation Passages. By W. Williamson, B.A.
Fifteenth Edition. Crown 8vo, is. 6d. [Junior School Books.

160 passages chosen from a wide field of modern literature on account of
the large number of words they contain.

A Junior English Grammar. By W. Williamson, B.A. With
numerous passages for Parsing and Analysis, and a chapter on Essay
Writing. Fourth Edition. Crown 8vo, 2s. [Junior School Books.

In this book the author, while following the lines usually adopted, restates

many of the Definitions, reducing their number as far as possible. He en-
deavours to simplify the classification of the parts of speech, and pays
considerable attention to the Gerund. To give freshness and a sense of
reality to the subject, the examples in illustration of rules are taken from the
everyday life of young people.

Easy Dictation and Spelling. By W. Williamson, B.A. Eighth
Edition. Fcap. Svo, is. [Beginner's Books.

This book contains many interesting passages from English classics chosen
on account of the large number of everyday words which they contain.

An Easy Poetry Book. Selected and Arranged by W. Williamson,
B.A. Second Edition. Crown Svo, is. [Beginner's Books.

A little book for pupils of twelve or thereabouts. It is believed that all

the selections are good as poetry, healthy and invigorating in thought, and
suited to the capacity of beginners.

Readers

The Baring-Gould Selection Reader. By S. Baring-Gould, M.A.
Arranged by G. H. Rose. With 15 Illustrations and a Map. Crown
Svo, IS. 6d.

The Baring-Gould Continuous Reader. By S. Baring-Gould,
M.A. Arranged by G. H. Rose. With 5 Illustrations and a Map.
Crown Svo, is. 6d.
Two readers for Upper Standards, from the novels and topographical

works of Mr. Baring-Gould.

Stories from Dickens. By Joyce Cobb. Crown Svo, is. 6d.

Stories from Italian Romance. By Susan Cunington. Crown
8vo, is. 6d.

Stories from Bunyan. By E. L. Elias. Crown Svo, is. 6d.

A London Reader for Young Citizens. By F. W. G. Foat,
D.Litt., M.A., Lecturer in History and English at the City of London
College, Assistant Master at the City of London School. With Plans

and Illustrations. Crown Svo, is. 6d.
In fifty short sections, each forming a complete "lesson," the story of

London is told. The treatment is that of the interesting class-lecture, not

that of the formal history.
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A Health and Temperance Header. By H. Major, B.A., B.Sc,
Inspector to the Leicester Education Committee. Crown 8vo, is.

In diction and style suitable for children in Standards V., VI., and VII,
in Elementary Schools.

The Bose Beader. By Edward Rose. With numerous Illustrations,
some of which are Coloured. Crown 8vo, 2s. 6d. And in Four Parts.
Parts I. and II., 6d. each ; Part III., 8d. ; Part IV., lod. Introduction
for the Teacher separately, 6d.
A reader on a new and original plan. The distinctive feature of this book is the

entire avoidance of irregularly-spelt words until the pupil has mastered reading.
Tommy Smith's Animals. By Edmund Selous. With 8 Illus-

trations by G. W. Ord. Eleventh Edition. Fcap. 8vo, is. 6d.
This new and charming continuous reader, besides inculcating kindness

to animals, conveys much natmal history information. The animals dealt
with are—frog, toad, rook, rat, hare, grass-snake, adder, peewit, mole,
woodpigeon, squirrel, barn-owl.

This book is on the L.C.C. Requisition Lists.

An edition in a superior binding, suitable for prizes, is also issued at 2s. 6d.

Tommy Smith's Other Animals. By Edmund Selous. With 12
Illustrations by Augusta Guest. Fifth Edition. Fcap. 8vo, is. 6d.

Uniform with the above. The animals dealt with are—rabbit, nightjar,

weasel, blackbird, thrush, hedgehog, dabchick, moorhen, woodpecker, fox,

cuckoo, watervole.

This book is on the L.C.C. Requisition Lists.

An edition in a superior binding, suitable for prizes, is also issued at 2s. 6d,

Methuen's Health Readers. Vol. I., Introductory. By C. J. Thomas,
M.B., B.Sc, D.P.H., University Scholar in Medicine, Member of the

Examining Board of the Royal Sanitary Institute. Crown 8vo, is. 6d.

This is the first volume of a new series of Health Readers written in

accordance with the recommendations of the Board of Education. It treats

the subject in a simple way as a part of Nature Study, and deals with

questions of health from the point of view of the natural interests of the

child in his surroundings.

Methuen's Health Readers. Vol. IL, Intermediate. By C. J.

Thomas, M.B., B.Sc, D.P.H. Crown 8vo, is. 6d.

This is the second volume of the series. Vol. I. deals with the simple

rules of healthy living. The intermediate volume treats in fuller detail with

the mechanisms of life and gives a rational basis for the laws of health which

have already been presented.

Stories from Old French Romance. By E. M. Wilmot-Buxton.
Crown 8vo, is. 6d.

Messrs. Methuen issue a separate Catalogue ofReaders which may he

obtained on afplication,

French
Grammars, etc.

Nouvelle Ghrammaire Frangaise, a I'usage des 6coIes Anglaises. By

J. G. Anderson, B.A., Examiner to London University. Cr. 8vo, 2s.

A textbook for Middle and Higher Forms, written in French, with the

exception of a long introduction on Phonetics. Emphasis is laid on points

where English and French diflfer. The conjugation of the verb is simplified,

and there are many other special features.

Bxercices de Grammaire Frangaise. By J. G. Anderson, B.A.,

Examiner to London University. Crown 8vo, is. 6d.

This book of exercises is pnmarily intended as a companion volume to

the " Nouvelle Grammaire Fran9aise," but there is no reason why it should

not be used in conjunction with any grammar. These books cover all the

ground for the London Matriculation.

*
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French Gommercial Correspondence. By S. E. Bally. With
Vocabulary. Fourth Edition. Cr. 8vo, 2s. [Commercial Series.

This book provides the student with materials for French correspondence.
Almost every paragraph has been taken from actual letters.

A French Commercial Reader. By S. E. Bally. With Vocabulary.

Second Edition. Crown 8vo, 2s. [Commercial Series.

A series of extracts chosen from the best sources, containing an unusually
large number of business terms.

French Prose Composition. By R. R. N. Baron, M.A., Modern
Language Master at Cheltenham Grammar School. Third Edition.

Crown 8vo, 2s. 6d. Key, 3s. net.

A collection of passages from standard English authors for composition
in Upper Forms and by Army Candidates ; Notes and Vocabularies are

provided.

A Junior French Prose. By R. R. N. Baron, M.A., Modem
Language Master at Cheltenham Grammar School. Fourth Edition.

Crown 8vo, 2s. [Junior School Books.
This book has been written for pupils beginning continuous French Prose.

It contains : (i) Examples and Rules in Syntax. These are not professedly
exhaustive, but deal rather with points in which the two lang^uages are seen
to differ ; and, as they deal with such points occurring in over a hundred
passages and exercises, it is hoped they may be found sufficiently complete
for the general purposes at which the book aims. {2) Exercises in every-

day language, illustrative of the rules. (3) Graduated continuous passages.

French and English Parallels. By F. R. M. Fursdon. Fcap.
8vo, 3s. 6d. net.

The first part of this volume consists of a selection of French and English
idiomatical phrases and idioms, and the second of over a thousand examples
of French and English metaphors. The third section is an interwoven
sequence of ideas, expressed by means of some of the most beautiful maxims
and proverbs of both languages.

Junior French Examination Papers, in Miscellaneous Grammar and
Idioms. By F. Jacob, M.A., Assistant Master at Felsted School.

Third Edition. Fcap. 8vo, is. [Junior Examination Series.

A collection of 72 papers of ten questions each suitable for class teaching
and revision work for the Local and similar Examinations.

A Junior French Grammar. By L. A. Sornet and M. J. Acatos.
Modem Language Masters at King Edward's School, Birmingham.
Third Edition, Revised. Crown 8vo, 2s. [Junior School Books.

This book comprises a complete course of French Grammar, with
Exercises and Examination Papers suitable for candidates preparing for the

Oxford and Cambridge Local and College of Preceptors' Examinations. It

also includes numerous Vocabularies and materials for Conversation Lessons.

Steps to French. By A. M. M. Stedman, M.A. Ninth Edition.

i8mo, 8d.

One of the easiest French books in existence. Contains both grammar
and exercises.

First French Lessons. By A. M. M. Stedman, M.A. Tenth Edition.

Crown 8vo, is.

A short course for beginners written to make a boy's knowledge of Latin
help his French,

Easy French Passages for Unseen Translations. By A. M. M.
Stbdman, M.A. Sixth Edition. Fcap. 8yo, is, 6d.

Many ot the passages have been actually set at the Local, Public Scho<J.
aod Naval and Military Examii^tioos. Some of the most charming French
lyrics are included.
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Ecusy French Exercises on Elementary Syntax. By A. M. M.
Stedman, M.A. With Vocabulary. Fourth Edition. Crown 8vo,
as. 6d. Key, 3s. net.

These exercises are for pupils who have mastered their accidence and
require a more advanced book to accompany their Syntax.

French VocabvJaries for Repetition: Arranged according to Sub-
jects. By A. M. M. Stedman, M.A. Fourteenth Edition. Fcap.
8to, is.

A collection of upwards of 2000 words arranged in sets of 12 each, accord-
ing to the subject.

French Examination Papers in Miscellaneous Grammar and
Idioms. By A. M. M. Stedman, M.A. Fifteenth Edition. Crown
8vo, 2s. 6d. Key (Fifth Edition), issued to Tutors and Private Students
only, 6s. net.

These Papers have been compiled for those who have passed beyond the
Elementary Stages of Grammar. They cover the whole of the ground
usually taught.

Texts
Easy French Rhyme*. By Henri Blouet. Illustrated. Second

Edition. Fcap. 8vo, is. {Beginmt's Books.
This little book, containing the time-honoured English nursery rhymes

translated into French rhyme, will supply children with a fairly extensive
and easily acquired vocabulary of French words. The English and French
versions are given on opposite pages.

L'Equipage de la Belle-Nivemaise. By Alphonse Daudet.
Adapted from **LaBelle-Nivernaise,"byT. R. N. Crofts, M. A., Modern
Language Master at Merchant Taylors' School, London. Second Edition.

Fcap. 8vo, IS. [Simplified French Texts.

L'Histoire de Pierre et Camille. By Alfred de Musset. Adapted
from "Pierre et Camille," by J. B. Patterson, M.A., Modem
Language Master at Merchant Taylors' School, London. Fcap. 8vo, is.

\SimplijiedFrench Texts.

U^moires de Cadichon. By Madame de SiSgur. Adapted from
" Memoires d'un Ane," by J. F. Rhoades, Modem Language Master at

Fettes College, Edinburgh. Fcap, 8vo, is. [Simplified French Texts.

L'Histoire d'une Tulipe. By Alexandre Dumas. Adapted from

"La Tulipe Noire," by T. R. N. Crofts, M.A. Second Edition.

Fcap. 8vo, IS. [Simplified French Texts.

La Bouillie au Miel. By Alexandre Dumas. Adapted from "La
Bouillie de la Comtesse Berthe," by P. B. Ingham, B.A., Modern
Language Master at Merchant Taylors' School, London. Fcap. Svo, is.

[Simplified French Texts.

Edmond Dant^s. By Alexandre Dumas. Adapted from " Monte
Christo," by M. Ceppi, Head Modem Language Master at King's

College School, Wimbledon. Fcap. 8vo, is.

^ [Simplified French Texts.

D'Ajaccio k Saint H616ne. By Alexandre Dumas. Adapted from
•' Napoleon," by F. W. M. Draper, Modern Language Master, City of

London School. Fcap. is. [Simplified French Texts.

M. de Beaufort h. Vincennes. By Alexandre Dumas. Adapted

from *' Vingt Ans Apr^s," by P. B. Ingham, B.A Fcap. is.

[Simplified French Texts.

Le Doctenr Math^us. By Erckmann-Chatrian. Adapted from
*' L'lllustre Docteur Matheus," by W. P. Fuller, M.A, Headmaster

of the Holborn Estate Grammar School, London. Fcap. 8vo, is.

[Simplified French Texts.
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Le Conscrit de 1813. By Erckmann-Chatrian. Adapted from
"L'Histoire d'un Consent," by H. Rieu, M.A., Modern Language
Master at Merchant Taylors' School, London. Fcap. 8vo, is.

\_SimpliJud Freruh Texts.

La Bataille de "Waterloo. By Erckmann-Chatrian. A Sequel to

the above. Adapted from "Waterloo," by G. H. Evans, M.A.,
Modem Language Master at Oundle School. Fcap. 8vo, is.

[Simplified French Texts.

Jean Valjean. By Victor Hugo. Adapted from "Les Mis^rables,"

by F. W. M. Draper, M.A., Modern Language Master at King's

College School, Wimbledon. Fcap. 8vo, is. {Simplified French Texts.

Abdallan. By Edouard Laboulaye. Adapted from "Abdallah, ou
le trifle \ quatre feuilles," by Mrs. J. A. Wilson. Fcap. Svo, is.

[Simplified French Texts.

Deux Oontes. Adapted from P. Merrimi^k's "Mateo Falcone" and
"Tamango," by J. F. Rhoadbs, Modern Language Master at Fettes

College, Edinburgh.

La Chanson de Roland. By Roland. Adapted by H. Riku, M.A.
Second Edition. Fcap. Svo, is. [Simplified French Texts.

Le Ohevrier Remy. By E. Souvestre. Adapted from ** Le Chevrier

de Lorraine, " by E. C. Chottin, B. -es-L. , Modem Language Master at

St. Laurence College, Ramsgate. Fcap. Svo, is,

[Simplified French Texts.

This series provides pupils who have been studying French about two or

three years with simple translation books which they can understand, and
are at the same time complete stories, instead of a succession of little anecdotes.

Vocabularies have been added, in which the chief idioms are explained.

General Information
Junior General Information Papers. By W. S. Beard. Fcap.

Svo, IS. Key, 3s. 6d. net. [Junior Examination Series.

An easier book on the same lines as Stedman's '
' General Knowledge

Examination Papers." It will be foimd suitable for the Junior Examinations
and Candidates for County Scholarships.

General Knowledge Examination Papers. By A. M. M.
Stedman, M.A. Seventh Edition. Crown Svo, 2s. 6d. Revised to

1907. Key (Fifth Edition), issued to Tutors and Private Students

only, 7s. net. School Examination Series.

Compiled to furnish practice for those who are preparing for Scholarships
at the Public Schools and at the Universities. This edition has been care-

fully revised and brought up to date by Mr. C. G. Botting, B.A., and a
number of new questions have been added.

Geography
Junior Geography Examination Papers. By W. G. BakTer, M.A.

Fcap. Svo, IS. [Junior Examination Series.

72 Papers each containing xo questions, covering all branches of the

subject required by pupils of 12 to 16 years. By an ingenious arrangement
the papers can be used either as general papers or to test some particular

part of the subject.

A Commercial Geography of Foreign Nations. By F. C. Boon,
B.A., Assistant Master at Dulwich College. Crown Svo, 2s.

[Covwiercial Series.

A companion volume to Prof. L. W. Lyde's "Commercial Geography of

the British Empire" (f.v.).
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A Historical Geography of the British Empire. By Hereford
B. George, M.A., Fellow of New College, Oxford. Fourth Edition,
Revised. Crown 8vo, 3s. 6d.

The purpose of this work is twofold—to describe in outline the British

Empire, with its component parts so grouped as to show forth the diversity

of their relations to the mother country—and to point out the nature of the
relations between the geography and the history of the British Islands,
from the beginning, and from the time of their becoming British in the case
of the other possessions.

A Commercial Geognraphy of the British Empire. By L. W.
Lydk, M.A., Professor of Economic Geography at University College,

London. Eighth Edition. Cr. 8vo, 2s. {Commercial Series.

The first section gives the general principles of the science and their

application to the larger areas of the British Empire. The second section

takes each of the Colonies and considers its surroundings, fisheries, harbours,
surface, agriculture, and minerals separately.

The Domixiion of Man. By E. Protheroe. With 36 Illustrations.

Second Edition. Crown 8vo, 2s.

A bright and readable geographical textbook for teachers and upper
classes, deaUng mainly with the way in which life is affected by its surround-
ings and conditions. Many interesting particulars are given of manufactures
and industries. It contains thirty-two full-page Illustrations beautifully

printed in double tone ink.

A Historical and Modem Atlas of the British Empire. By
C. Grant Robertson and J. G. Bartholomew, F.R.S.E., F.R.G.S.
Demy Quarto, 4s. 6d. net.

The Atlas contains 64 Maps, with numerous inserts, Historical Tables

and Notes, an Introduction, a Historical Gazetteer, a Bibliography, and an

Index, The combination of modern maps on physical geography, trade,

industry, eta , with the special and extensive historical maps of the Empire
as a whole and of each part of it (<f,,^. India, Canada, etc.), give the Atlas a

character and completeness not hitherto oflfered by any other Atlas.

History and Geography Examination Papers. By C. H. Spence,

M. A., Assistant Master at Clifton College. Third Edition. Crown Svo,

2s. 6d. [School ExamincUion Series.

The present editioa was practically rewritten and a large number of new
questions added.

A Systematic Geogrraphy of the British Isles. By G. W, Webb,

B.A., Master at Owen's School, Islington. With Maps and Diagrams.

Crown Svo, is. \New Geographical Series.

This book— one of a new geographical series— provides for a study of

Geography of the British Isles on logical lines as recommended by the Board

of Education. It is intended for those who have passed beyond the

elementary stages of the subject and wish to acquire a more detailed and

advanced knowledge of their own land. Emphasis is placed on the distinc-

tive character of the natural regions by a consideration of the geological

structure of the islands, and its bearing on the physical features, and again

constant reference is made to the causal connection between the facts of

physical and political geography.

A Systematic Geography of Europe. By G, W. Webb, B.A.,

Assistant Master at Owen's School, Islington. With 5 Maps. Crown

gyo^ IS. [New Geographical Series.

This is the second of the five volumes that will together constitute "A
Systematic Geography of the World." It is written on the same lines as

"A Systematic Geography of the British Isles," by the same Author. An
effort has been made to follow the middle course between the old method of

treating the sabject as a collection of disconnected details and the extremes

to wiiich the modern revolt against this has been carried.
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A Systematic Geography of Asia. By G. W. Webb, B.A. Witfc

5 Maps. Crown 8vo, is.

This is the third volume in the New Geographical Series, and is written
on the same lines as the first two volumes, viz, "Systematic Geography of
the British Isles," and " Systematic Geography of Europe."

By Boad and River. By E. M. Wilmot-Buxton, F.R.Hist.S.
A Descriptive Geography of the British Isles. With 12 Maps. Cr. 8vo, 2s.

Suitable for children in the Lower Forms of all grades of schools. It aims
at making them familiar with the scenery and most striking features, political,

historical, and literary, of their land by the natural and interesting process of
making imaginary journeys through the dififerent districts of these islands.

Physical geography has been closely connected with political aspects, and
throughout an appeal has been made to the common sense as well as to the
imagination of the child. Interesting questions are set at end of each
chapter, and the text is fully illustrated by photographs and outline maps.

German
Grammars, etc.

A Qerman Commercial Reader. By S. E. Bally. With Vocabulary.
Crown 8vo, 2s. [Comfnercial Seriss.

The object of this manual is not only to oflBer the student material for

translation, but to bring to his notice some practical hints on commerce,
industry, and commercial history and geography. Roman type and the new
spelling have been adopted in this book.

G-erman Commercial Correspondence. By S. E. Bally. With
Vocabulary. Second Edition. Crown 8vo, 2s. 6d. {Commerciai Serus.

The specimen letters which illustrate the chapters are preceded by
analyses and followed by numerous exercises, each containing in a few
German words the gist of the letter to be composed. Roman type and the
new spelling have been adopted in this book.

German Passages for Unseen Trfuislation. Bjr E. M'Qubbn
Gray. Crown 8vo, as. 6d.

A selection of passages from standard authors for the use of Middle and
Upper Forms. No notes or vocabularies are included.

German Examination Papers. By R. J. Morich, late of Clifton

College. Seventh Edition. Crown 8vo, as. 6d. Key, Third
Edition, 6s. net. [Stkool Examination Series.

A series of Advanced Papers compiled—(i) to avoid the tediousness and
length of constant grammar repetition, aad (a) to make the student
acquainted with some, at least, of the endless number of German idiomatic
phrases.

Jiinior German Grammar. By H. C Secklkr, Senior German
Master, Owen's School, E.C. Crown 8to, as. 6d. {Junior School B4)0ks.

This book is for the Middle Forms of schools, and meets the requirements
of the Oxford and Cambridge Junior Local and the College of Perceptors
Examinations. It consists of graunmar and exercises, and a particular

feature is the co-ordination of accideoce and syntax. It aims throughout
at training pupils to use their knowledge for composition. The declensions

of nouns and adjectives, the "bugbear" of the German Iangiiag|e, are

explained in a natural, simple, and efi^tire manner. Pupils preparing for

examinations will find considerable help in the latter part of the book, which
gives various examination papers, with some usefal model solutions.

Jvmior German Examination Papers. By A. Vobgelin, M.A.,
Modem Language Mjister at St. Paul's School. Fcap. Svo, is.

{Junior Examination Scries,

An easier book, on the same lines as the above.
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German Vocabularies for Repetition. By Sophie Wright. Fcao.
8to, is. 6d.

^

A collection of useful German words arranged under subjects.

Texts

Dear MUller am Rhein. By C. Brentano. Adapted from "Von
dem Rhein und dem Miiller Radlauf," by Miss A. F. Ryan, Modern
Language Mistress at the High School, Derby. Fcap. 8vo, is.

\SimpliJied German Texts.

Die Oeetcliiclite von Peter Schlemihl. By A. von Chamisso.
Adapted from ** Peter Schlemihl's Wundersame Geschichte," by R.
C. Perry, M.A., Modem Language Master at Merchant Taylors'

School, London. Fcap. 8vo, is. {Simplified German Texts.

Undine und Huldbrand. By De La Motte Fodqd4. Adapted from
** Undine," by T. R. N. Crofts, M.A., Modem Language Master
at Merchant Taylors' School, London. Fcap. 8vo, is.

{Simplified German Texts.

Die Nothelfer. By W. H. Riehl. Adapted from "Die Vierzehn
Nothelfer," by P. B. Ingham, B.A., Modern Language Master at

Merchant Taylors' School, London. Fcap. Svo, is.

{Simplified German Texts.

The aim of this series is to provide pupils who have been studying German
about two or three years with simple translation books which they can under-

stand, and which at the same time provide complete stories, mstead of a
succession of little anecdotes. Vocabularies have been added, in which the

chief idioms are explained.

Greek
Grammars, Exercises, etc.

Easy Greek Exercises. By C. G. Botting, B.A., Assistant Master

at St. Paul's School. Crown Svo, 2s.

These exercises have been compiled to accompany Stedman's "Shorter

Greek Primer," from which the rules have, by permission, been for the most

part taken.

Passages for Unseen Translation. By A. M. Cook, M.A., Assistant

Master at St. Paul's School, and E. C. Marchant, M.A., Tutor of Lincoln

College, Oxford. Selected from Latin and Greek Literature. Fourth

Edition. Crown Svo, 3s. 6d.

Two hundred Latin and two hundred Greek passages, arranged in order

of increasing difficulty. The book has been carefully compiled to meet the

wants of V. and VI. Fwrn boys at the Public Schools, and is also well

adapted for the use of honoursmen at the Universities. Prose and verse

alternate throughout.

The Greek View of Life. By G. Lowes Dickinson, M.A., Fellow

of King's College, Cambridge. Seventh and Revised Edition. Crown

Svo, 2s. 6d, net.

A revised edition, reset in new type, of this admirable book, which is a

general introduction to Greek literature and thought. Among the subjects

dealt with are the Greek View of Religion, the State and its relation to the

Citizen, Law, Artisans and Slaves, Sparta, Athens, Manual Labour and

Trade, Athletics, Pleasure, Greek View of Women, Friendship, Art,

Sculpture, Painting, Music, etc.
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Notes on Greek and Latin Syntax. By G. Buckland Grebn,
M.A., Assistant Master at Edinburgh Academy. Second Edition,

Revised. Crown 8vo, 3s. 6d.

The book discusses and explains the chief difficulties of Greek and Latin
Syntax, so as to afford a preparation for the higher classical examinations.
The treatment throughout is comparative. There are chapters on the cases,

tenses, moods, and their uses, on Homeric peculiarities, the article, etc.

;

and, besides the examples quoted in illustration of the text, numerous pas-

sages are added, by working through which the student may obtain practice

in dealing with points of syntax.

Examination Papers in Tliucydides. By T. Nicklin, M.A.,
Assistant Master at Rossall School. Crown 8vo, 2s.

In this volume the eight books have been divided into short sections, and
a paper has been set on each section, as well as recapitulatory papers on
each book.

Steps to Greek. By A. M. M. Stedman, M.A. Fourth Edition.

i8mo, IS.

Easy Lessons on Elementary Accidence, with exercises and vocabularies.

A Shorter Greek Primer. By A. M. M. SteDxMAN, M.A. Fourth
Edition. Crown 8vo, is. 6d.

This book contains the elements of Greek Accidence and Syntax in a

compass of less than 100 pages.

Easy Greek Passages for Unseen Translation. By A. M. M.
Stedman, M.A. Fifth Edition. Fcap. 8vo, is. 6d.

The pieces are graduated in length and difficulty, and the early pieces

present no serious obstacles.

Greek Vocabularies for Repetition. By A. M. M. Stedman, M.A.
Fourth Edition. Fcap. 8vo, is. 6d.

A collection of over 2000 useful words arranged in sets of twelve each
according to subjects.

Greek Examination Papers in Miscellaneous Grammar and
Idioms. By A. M. M. Stedman, M.A. Tenth Edition. Crown
8v«o, 23. 6d. Key (Fourth Edition), issued to Tutors and Private

Students only, 6s. net. [ScAoo/ Examination Series.

A collection of Advanced Papers uniform with Stedman's "Latin
Examination Papers." See page 20.

Junior Greek Examination Papers in Miscellaneous Grammar
and Idioms. By T. C. Weatherhead, M.A., Headmaster of King's

College Choir School, Cambridge. Fcap. 8vo, is.

{Junior Examination Series.

A volume of 72 Junior Papers uniform with Botting's "Junior Latin

Examination Papers." See page 20.

Texts
Aristotle.—THE ETHICS OF ARISTOTLE. Edited, with an

Introduction and Notes, by John Burnet, M.A., Professor of Greek at

St. Andrews. Cheaper issue. Demy 8vo, los. 6d. net.

An elaborate edition, based on the assumption that the Nicomachean
Ethics is the authentic work of Aristotle, and that it has hardly suffered from
interpolation or dislocation. It is also assumed that the Eudemian Ethics

is our most authoritative commentary, and the parallel passages from it are

printed under the text to which they refer. The commentary shows that

most of the difficulties which have been raised disappear when the work is

interpreted in the light of Aristotle's own rules of Dialectic.

Demosthenes.—AGAINST CONON AND CALLICLES. Edited by
F, Darwin Swift, M.A. Second Edition. Fcap. 8vo, 2s.

The new text edited for Middle and Upper Forms, with vocabulary and
notes.
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Greek Testament Selection». Edited by A. M. M. Stidman M A.
For the Use of Schools. With Introduction, Notes, and Compltte
Vocabulary. Fourth Edition. Fcap. 8to, as. 6d.

This small volume contains a selection of passages, each sufficient for a
lesson, from the Gospels, forming a life of Christ. In schools where only a
Umited time can be given to the study of the Greek Testament an oppor-
tunity IS thus supplied for reading some of the most characteristic and
interesting passages.

Translation*

iEschylus.—AGAMEMNON, CHOEPHOROE, EUMENIDES. Trans-
lated by Lewis Campbell, LL.D. Crown 8vo, $&.

[Classical Translations.
Lucian.—SIX DIALOGUES (Nigrinus, Icaro-Menippus, The Cock, The

Ship, The Parasite, The Lover of Falsehood). Translated by S. T.
Irwin, M.A., Assistant Master at Clifton. Crown 8vo, 3s. 6d.

[Classical Translations.

Sophocles.—ELECTRA AND AJAX. Translated by E. D. A.
MorsHEAD, M.A. Crown Svo, as. 6d. {Classical Translations.

History

Classical

An Introduction to the History of Borne. By H. N. Asman, M.A.,
B.D., Second Master of Owen's School, Islington. With 2 Maps and
14 Illustrations. Crown Svo, 2s. 6d.

This book gives to pupils learning Latin some knowledge of the history
of the great people whose language they are studying. It has been insisted
by educational authorities that some knowledge of the histoiy of Rome is

essential not only for a proper appreciation of Roman literature, but that it

is also a necessary part of a complete education. This book occupies a place
between the prim«- and the larger works on the subject. It gives a brief

survey of the history of Rome to the death of Augustus. It will also be
found useful for the general reader who desires some knowledge of the
subject.

Stories from Ancient History. By E. Bowyer, B.A., B.Sc, Assistant

Master, Owen's School. Crown Svo, is. 6d. [New Historical Series.

This volume—the first of a new historical series on the lines of the recent
circular of the Board of Education on the teaching of History—is intended
as an introduction to the story of ancient history for pupils up to the age
of twelve.

In accordance with the suggestions made in the above-rnentioned circular,

it deals with the '

' chief events and characters from the history of the most
important nations in their traditional form." It aims also at "giving some
idea of the nature of the great nations and stages in civilisation, centred

round certain individuals or events in the chronological succession " in such
a way that young children shall be able at least to " place" the moat notable

characters of ancient history.

A First History of Greece. By Edith E. Firth, History Mistress of

Croydon High School. With 7 Maps. Crown %yo, It. 6d.

[Beginner's B9»ks.

This book has been written in the hope of supplying a History of Greece

stsitable for young children. It is written in biographical form, and those

lives have been selected which best explain the rise and decline of the

Greeks.
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A Short History of Greece to the Death of Alexander the Great.
By W. S. Hett, B.A., Assistant Master at Brighton College. With
many Maps. Crown 8vo, 3s. 6d.

This book is intended primarily for the use of students reading for the
Oxford and Cambridge Higher Certificate, and secondarily as an introduc-
tion to a wider study of the subject. An attempt has been made to render
some of the recently acquired archaeological evidence accessible to those who
have no expert knowledge. The recent papers set for the Higher Certificate

have demanded far more than a mere collection of facts, and accordingly the
present work has been written with a view to giving a general survey of the
Greek race and of the broad principles underlying its history.

A Junior Greek History. By W. Horton Spragge, M.A., Assistant

Master at City of London School. With 4 Illustrations and 5 Maps.
Crown 8vo, 2s. 6d. \_Junior School Books.

It describes the main features in the history of Greece down to the time of
its absorption in the Roman Empire, suitably presented for junior pupils in

schools. The greater part of it is taken from ancient authorities, Greek and
Latin, but the views of modern writers have also been consulted.

A Constitutional and Political History of Rome. From the
Earliest Times to the Reign of Domitian. By T. M. Taylor, M.A.,
Fellow of Gonville and Caius College, Cambridge. Second Edition.

Crown 8vo, 7s. 6d,

It contains an account of the origin and growth of the Roman institutions,

and a discussion of the various political movements in Rome from the earliest

times to the reign of Domitian.

A Short History of Rome. By J. Wells, M.A., Fellow and Tutor of
Wadham College, Oxford. With 3 Maps. Tenth Edition. Crown
8vo, 3s. 6d.

"The schoolmasters who have felt the want of a fifth-form handbook of Roman
history may congratulate themselves on persuading Mr. Wells to respond to it.

His book is excellently planned and executed. Broken up into short paragraphs,
with headings to arrest the attention, his manual does equal justice to the personal
and the constitutional aspects of the story."

—

Journal of Education.

Stories from Roman History. By E. M. Wilmot - Buxton,
F.R.Hist.S., Author of "Makers of Europe." Second Edition.

Crown 8vo, is, 6d. {Beginner's Books.

The object of this book is to provide an introduction to the study of
Roman history by a series of stories in chronological order dealing with the
main events and characters of the history of Rome.

The Ancient World. By E. M. Wilmot-Buxton, F.R.Hist.S. With
Maps and Illustrations. Crown 8vo, 3s. 6d.

This book tells the stories of the great civiUsations of the Ancient World,
as made known by recent excavation and discovery, from the dawn of
Egyptian history to the days of the Roman Empire.

Stories from Old French Romance. By E. M. Wilmot-Buxton,
F.R.Hist.S. Crown 8vo, IS. 6d. [Storiesfrom Old Romame.

These stories are taken from the romantic epics of France, from the epic
of Charlemagne, of Roland and Locris, of Huon de Bordeaux, of Ogier
and Guillaume de Palerna, of Aucassin and Nicollette, and of other heroes
and heroines of bygone days.

They serve, therefore, as an introduction to world literature, as well as
forming a literary reader that will appeal to children between the ages of
eight and twelve in all classes of schools. It will also be found a suitable

gift-book for all young lovers of stirring romance and tales of chivalry.
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Modem
The story of the British Empire for Childr«n. By F. M. Andbrson

With m^y Illustrations. Crown 8vo, 2s.
This book gives the story of the Empire in simple language for diildren

Part I. gives a rapid surrey of the Colonies and Dependencies to show the
unity of the whole under the Crown. Part II. describes in greater detail
India, Canada, New Zealand, Australia, and Tasmania.

Tales from Irish History. By A. Birkhead, B.A. With i Map.
Crown 8vo, is. 6d. [Storiesfrom the Histories.

This volume is one of a series that will embrace the history of all the chief
countries of the worid. By supplying a series of interesting stories it is
hoped that these volumes will p^mote a desire for a more detailed knowledge
of the history and diaracter of other hnportant nations (see p. 39 for tiie
complete list of the volumes in the series now ready).

A Oonfititutional History of England. By A; M. Chambers,
Honours School of Modem History, Oxford ; History Mistress, Bedford
High School. Crown 8vo, 6s.

This book b meant primarily for use in the Upper Forms in schools and
for Students beginning more advanced work. It deals mainly with Saxon
and Feudal Organisation, and with the evolution of the Central Government
out of earlier institutions. The development of each branch of the Con-
stitution— Elxecutive, Legislature, and Judicature—is traced separately, but,
as far as possible, the history of each subject is dealt with chronologically.
The difference between the English and other constitutions is examined, and
its chief characteristics are pointed out, while the relationship of the several
branches of the Constitution to each other, now and in the past, is shown,
and an attempt b made to suggest the practical efifects of the present balance
of power in the State on the Constitution.

Junior History Examination Papers. By W. O. P. Davies. Crown
8vo, IS.

\_
Junior Examination Series.

For pupils preparing for the Oxford and Cambridge Locals, College of
Preceptors, and other Junior Examinations. They have been modelled on
papers actually set by the various examining bodies, and the answers
required will prove useful exercises in Composition. They are all most
carefully graduated, and can be used either to test one particular period,

or as Examination Papers of the subject generally.

Stories from French History. By Taylor Dyson, M.A. With i

Map. Crown 8vo, is. 6d. [Storiesfrom the Histories.

See " Stories from Irish Hbtory," and p. 39 for the complete list of the

volumes of the series now ready.

Battles of English History. By H. B. George, M. A., Fellow of New
College, Oxford. With numerous Plans. Fourth Edition, Revised,

with a new Chapter including the South African War. Crown 8vo, 3s. 6d.

Thb book is intended to give a clear general idea of all the most im-

portant Battles of Elnglish History, and, without being technical, to bring

out their meaning. It is suitable for an Upper Form textbook or school priie.

British Commerce and Colonies from Elizabeth to Victoria.

By H. de B. Gibbins, LittD., M.A. Fourth Edition. Crown 8vo, 2s.

\_Cominercial Series.

A review of the history of British Commerce from the days of Elizabeth to

the present time, written in simple and concise form, without elaborate detail

The Industrial History of England. By H. de B. Gibbins, Litt.D.,

M.A. With Maps and Plans. Sixteenth Edition, Crown 8vo, 3s.

An introduction to the subject, giving in concise and simple form the mam
outlines of England's economic histwy. As far as possible the economic

questions are connected with the social, political, and military movements.
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Europe in Benaissanco and Reformation, 1468-1659. By M. A.
HOLLINGS, M.A. Crown 8vo, 2s. 6d. [Stx Agts of European History.

This book deals with the formation of the modem Ekiropean state-system,

the Renaissance and Reformation (both Protestant and Catholic), the con-
solidation and ascendancy of France in Europe, and the Wars of Religion,
ending with the Thirty Years' War.

The Age of the Enlightened Despot, 1660-1789. By A. H.
Johnson, M.A., Fellow of All Souls'. With lo Maps. Crown 8vo,

2S. 6d. \^Six Ages of European History.
The period oorered by this volume opens with the triumph of the monarchy

of Louis XIT, and closes with the failiire of the rule of Louis xvi. The aim of

the volume is to bring clearly before the young reader the theory of monarchical
rule represented by these kings, and to show when and why they succeeded
or failed.

The Central Period of the Middle Age, 918-1278. By B. A. Lees,
Resident History Tutor, Somerville College, Oxford. With many Maps.
Crown 8to, 2s. 6d. \_Six Ages of European History.

Opening with the election of Henry the Fowler, and closing with the rise

of the House of Hapsburg to power, it covers the period of the struggle for

supremacy between Empire and Papacy and of the gradual building up of

the nations of modern Europe on the ruins of Imperial Rome. It traces the
development of feudalism and monasticism, of chivalry and the Crusades, of

scholasticism and the Universities, and connects these great movements with
the great men who inspired and led them.

The End of the Middle Age, 1278-1468. By E. C. Lodge, Vice-

Principal and History Tutor, Lady Margaret Hall. Crown 8vo, 2s. 6d.

\^Six Ages ofEuropean History.

The period which it covers is one of great importance. It marks the decay
of the political system of the Middle Ages, and the disappearance of the old

unity in Western Europe ; whilst in it can be traced the growth of new ideals

to take the place of the old, and above all the rise of nations. It is essentially

a time of transition, a period of effort and experiment rather than of finished

work. Its great interest lies in the fact that all the details of the history are

part of this gradual change from the Middle Ages to Modem days.

The Remaking of Modem Europe : From the Outbreak of the French
Revolution to the Treaty of Berlin, 1 789-1878. By J. A. R. Marriott,
M.A. With 10 Maps. Third Edition. Crown 8vo, 2s. 6d.

\Six Ages ofEuropean History.

It contains a sketch of European history from the outbreak of the French

Revolution to the Treaty of Berlin, presenting a vivid picture <A the revohi-

tionary period, of the rise and fall of Napoleon, and of the larger movemaits
of Exiropean politics since Waterkw.

The Dawn of Mediaeval Europe, 476-918. By J. H. B. Mastbrman,
M.A., Professor of History at the Uaiversity of Birmingham. With
many Maps. Crown 8vo, as. 6d. {Six Ages of European History.

It is hardly possible to ondentaad European history without some know-
ledge of the settlement of Europe after the Teutonic immigrations and the fall

of the Empire in the West. This volume traces the successive rise of the

Gothic and Prankish Kingdoms, leading to the establishment of the Holy
Roman Empire under Charles the Great, and its break up under his descend-

ants. The influence of the Eastern Empire, and the rise aixi conquests of the

Mohammedan faith, are considered chi^y ia tbw bearing on the derelop-

ment of Western Europe. Atteadou is directed e<^pecialty to the central

figures of the period: Theodoric, S. Beae^ot, Justinian, dovis, Charies the

Great.

English B^ecords. By H. E. Maldem, M.A. A Companion t» the

History of England. Crown 8vo, 3s. 6d.

This handbook is intended to funrnh the uoeeasary basis of facts for these

who are hearing historical lectures or reacUng history. It aims also at
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eoncentratiof; information upon dates, genealogies, bistorical geography,
officials, wars, and constitutional documents which is nsnally only to be
found scattered in different volumes.

Th« Bights and Duties of the English Citizen. By H. E. Malden,
M.A. Seventh Edition. Crown 8vo, is. 6d.

A reader describing in ootbM the Imperial and Local Government of
England.

A School History 0/ Surrey. By H. E. Maldbn, M.A. With 4
Maps and 50 IUustratx»&. Crown 8vo, is. 6d.

{School County Histories.

Original Illastrations of Eaiglish Constitutional History.
Comprising a Selected Number of the Chief Charters and Statutes.

By D. J. Mbdlky, M.A., Professor of History in the University of

Glasgow. Crown 8vo, 7s. 6d. net.

This volume covers the whole period from the Anglo-Saxon laws to the
Act of Union with Ireland, University teachers have long desired such a
coUectioB in a single volume. In those already published the pieces are
translated. But since the object of this selection is that it should serve as

an introduction to more extended study, the documents written in French or

Latin are presented in the original language, and they are annotated
throughout with extracts from other original material bearing on all important
points, in order that each passage may be as far as possible its own
interpreter.

School History of Middlesex. By Victor G. Plarr, M.A., and
F. W. Walton, M.A. With 45 Illustrations and a Plan of London.
Crown 8vo, is. 6d. {School County Histories.

Examination Papers in English History. By J. T. Plowden-
Wardlaw, B.A. Crown 8vo, 2s. 6d. [Schcol Examination Series.

These papers are designed for candidates for a pass degree in History in

the Universities, and for students taking Historical Scholarships, Army
Candidates, and the ordinary work in Public Schools.

A Student's History of Scotland. By David W. Rannie, M.A.
Crown 8vo, 3s. 6d.

A history written throughout in simple language, and putting as clearly

as possible the results of the most careful recent criticism from original

sources,

A School History of Somerset. By Walter Raymond. With

4 Maps and 50 Illustrations. Second Edition. Crown 8vo, is. 6d.

{School County Histories.

A School History of Lancashire. By W. E. Rhodes, M.A.

With 3 Maps and 43 Illustrations. Crown 8vo, is. 6d,

{School County Histories.

A Handy Digest of British History. By C. E. Snowdkn.
Demy 8vo, 4s. 6d.

A guide and companion that aims at presenting a clear and easily grasp-

able analysis of the course of events to students who are reading, and at

refreshing, at a minimum cost of time and trouble, the memories of those

who have read. It supplies a commentary on the more important and

leading questions of each period, while it contents itself with the barest

mention of episodes, the details of which can be found in most textbooks.

History and Geography Examination Papers. By C. H. Spknck,

M.A., Assistant Master at Clifton College. Third Edition. Crown

Sv^ 2S. 6d. [Sch00l Examination Strus.
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The French Bevolution. By J. E. Symes, M.A., Principal of Uni-
versity College, Nottingham. Second Edition. Crown 8vo, 2s. 6d.
A short general account of the French Revolution, bringing out the

significance of the chief facts and their relation to problems of our own time.

English Idfe Three Hundred Years Ago. Being the first two
chapters of "England under the Stuarts." By G. M. Trevelyan,
M.A., Fellow of Trinity College, Cambridge. Edited by J. Turral,
B.A., Headmaster of the Blackpool Secondary School. Crown 8vo, is.

A graphic account of the state of England and English Society from
1603 to 1640.

Bevision Notes on English History. By F. Wallack-Hadrill,
Assistant Master at ICingston-on-Thames Grammar School. Cr. 8vo, is.

This book is not intended to supersede but rather to supplement the use
of the ordinary class-book, and has been written chiefly for the use of
candidates preparing for the Local Elxaminations. It contains a chrono-
logical analysis of the leading events of English history, together with
general notes on each reign.

A History of Great Britain. From the Coming of the Angles to the

Year 1870. By E. M. Wilmot-Buxton, F.R.Hist.S. With 20 Maps.

Second Edition. Crown 8vo, 3s. 6d.

ITiis book attempts to break through the conventional lines on whkh
History Class-books are laid down. With very few exceptions these books
make the reign the chapter-hmit, and take each event in chronological order.

In this book the old system has been entirely discarded, and each chapter
will be foimd to deal with one great movement, which is traced in cause,

events, and result. Another feature is the close connection which has been
maintained throughout with European History.

Makers of Evirope. Outlines of European History for the Middle Forms
of Schools. By E. M. Wilmot-Buxton, F.R.Hist.S. With 12 Maps.
Tenth Edition. Crown 8vo, 3s. 6d.

A Textbook of European History for Middle Forms and Pupil Teachers,
on the same Unes as " A History of Great Britain."

Easy Stories from English History. By E. M. Wii.mot-Buxton,
F.R.Hist.S. Fifth Edition. Crown 8vo, is. {Beginner^s Books.
A historical reader arranged on the century method ; that is, it aims at

enabling the learner, befcM-e any detailed study is attempted, to run his eye
over the centuries, and point out the main feature of each succeeding epoch.
The book contains thirty-five stories, from Caradoc to Gordon, well and
simply told, chosen vrith a view to illustrate each century.

Stories from Modem History. :^ E M. Wilmot-Buxton,
F.R.Hist.S. Crown 8¥0, IS. 6d. [New Historical Series.

An introduction to the story of modem history for pupils up to the age of

twdve. In accordance with the suggestions made in the late circular of the

Board of Education, it deals with " the chief events and characters from the

history of the most important nations in ti^ir traditional form." It aims also

at
'

' giving some idea of the nature of the great nations and stages in civilisa-

tion, centred round certain individuals or events in their chronological

soccession" in such a way that young children shall be able at least to
" place " the most notable djaracters of history.

A Junior History of Great Britain. By E. M. Wilmot-Buxton.
Crown 8vo, 2S.

This book gives a systematic and interesting account of the history c^

Great Britain to pupils of ages ten to fourteen, who hare hitherto studied the

subject in the form of ' Stories.' To prevent it from being a mere oothne,

and in accordance with the Board of Exlucation's Circular, many unimport-
ant facts have been omitted, and the aim has been to give (i) a clear

apprehension of the chief events in chronological sequence; (a) a fairly

detailed study of those aspects which ^ould specially appeal to yonng pupils.

The connection of histonr with ktexature has been maiiitaia«d tlHXMSgheut.
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A School History of Warwickshire. By B. C. A. Windlk, D.Sc,
F.R.S., President of Queen's College, Cork. With 2 Maps and 47
Illustrations. Ciown 8vo, is. 6d. {School County Histories,

Latin

Grammars, Exercises, etc.

A Junior Latin Prose. By H. N. Asman, M.A., B.D. Crown
8vo, 2s. 6d. {Junior School Books.

The "Junior Latin Prose" is written primarily, though not exclusively,

with a view to the Junior Locals. It contains explanation of, and exercises

on, the chief rules of Syntax, with special attention to points which cause
difficulty to boys, and concludes with exercises in Continuous Prose.

Junior Latin Examination Papers in Miscellaneous Grammar
and Idiom.s. By C. G. Bo i ting, B.A., Assistant Master at St.

Paul's School. Seventh Edition. Fcap. 8vo, is. Key, 3s. 6d. net.

{Junior Examination Series.

An easier book on the same Unes as Stedman's "Latin Examination
Papers." It is intended for use in the Lower Forms of Public Schools, and
by candidates preparing for the Oxford and Cambridge Junior Local
Examinations. The volume contains 720 carefully graduated original

questions, divided into papers of ten questions each.

Examination Papers in Vergil. By W. G. Coast, B.A., Assistant

Master at Fettes College. Crown Svo, 2s;

Three papers are given to each Georgic, five to each iEneid, and one to

each Eclogue, and in addition there are a number of general papers.

Latin Passages for Unseen Translation. By A. M. Cook, M.A.,

Assistant Master at St. Paul's School, and E. C. Marchant, M.A.,

Tutor of Lincoln College, Oxford. Third Edition. Crown Svo, is. 6d.

Two hundred Latin passages, arranged in order of increasing difficulty.

Has been carefully compiled to meet the wants of V. and VI. Form boys at

the Public Schools, and is also well adapted for the use of honourmen at the

Universities. Prose and verse alternate throughout.

A School Latin Grammar. By H. G. Ford, M.A., Assistant Master

at Bristol Grammar School. Crown Svo, 2s. 6d. {Junior School Books.

Both in the Accidence and Syntax what is essential for beginners is

carefully separated, by a system of typing or paging, from what they may
neglect. The book may thus be used by boys of all forms.

Notes on Greek and Latin Syntax. By G. Buckland Green,

M.A., Assistant Master at Edinburgh Academy. Second Edition.

Crown Svo, 3s. 6d.

For description, see under "Greek."

Initia Latina. Easy Lessons on Elementary Accidence. By A. M. M.

Stedman, M.A. Twelfth Edition. Fcap. Svo, is.

A very easy Latin course for quite young pupils, containing Grammar.

Exercises, and Vocabularies.

First Latin Lessons. By A. M. M. Stedman, M.A. Twelfth

Edition. Crown Svo, 23.

This book is much fuller than "Initia Latina," and while it is not less

simple, it will carry a boy a good deal further in the study of elementary

Latin
'

The Exercises are more numerous, some easy translation adapted

from Caesar has been added, and a few easy Examination Papers will afford

a useful test of a boy's knowledge of his grammar. 1 he book is intended

to form a companion book to the " Shorter Latin Primer."
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First Latin Header. By A. M. M. Stedman, M.A. With Notes
adapted to the Shorter Latin Primer, and Vocabulary. Serenth
Edition. i8mo, is. 6d.

A collection of easy passages without difficulties of construction or
thought. The book commences with simple seutences and passes on to
connected passages, including the history of Rome and the invasion of
Britain, simplified from Eutropius and Caesar.

Easy Latin Passages for Unseen Translation. By A. M. M.
Stedman, M.A. Thirteenth Edition. Fcap. 8vo, is. 6d.

A collection of short passages for beginners. The pieces are graduated
in length and difficulty.

Exempla Latina. First Exercises in Latin Accidence. By A. M. M.
Stkdman, M.A. With Vocabulary. Fourth Edition. Crown 8vo, is.

This book is intended to be used midway between a book of elementary
lessons and more difficult Exercises on Syntax. It contains simple and
copious exercises on Accidence and Elementary Syntax.

Easy Latin Exercises on the Syntax of the Shorter and
Revised Latin Primer. By A. M. M. Stedman, M.A. With
Vocabulary. Thirteenth Edition. Crown Svo, is. 6d. Key, 3s. net.

This book has been compiled to accompany Dr. Kennedy's "Shorter
Latin Primer" and "Revised Latin Primer." Special attention has been
paid to the rules of oraito obliqua, and the exercises are numerous.

The Latin Compound Sentence. Rules and Exercises. By A. M. M.
Stedman, M.A. Second Editiwj. Crown Svo, is. 6d. ; with Vocabu-
lary, 2S.

This book has been compiled to meet the requirements of boys who have
worked through a book of easy exercises on Syntax, and who need methodical
teaching on the Compound Sentence. In the main the arrangement of the
Revised Latin Primer has been followed.

Notanda dueedam. Miscellaneous Latin Exercises on Common Rules
and Idioms. By A. M. M. Stedman, M.A. Sixth Edition. Fcap.
Svo, IS. 6d. ; with Vocabulary, 2s. Key, 2s. net.

This volume is designed to supply miscellaneous practice in those rules

and idioms with which boys are supposed to be familiar. Each exercise

consists of ten miscellaneous sentences, and the exercises are carefully gradu-
ated. The book may be used side by side with the manuals in regular use.

Latin Vocabularies for Repetition. Arranged according to Subjects.

By A. M. M. Stedman, M.A. Sixteenth Ed. Fcap. Svo, is. 6d.

In this book an attempt has been made to remedy that scantiness oi

vocabulary which characterises most boys. The words are arranged ac-

cording to subjects in vocabularies of twelve words each, and if the matter
of this little book of eighty-nine pages is committed to memory, the pupil

will have a good stock of words on every subject.

A Vocabulary of Latin Idioms and Phrases. By A. M. M.
Stedman, M.A. Fifth Edition. , iSmo, is.

Seven hundred useful Latin phrases arranged alphabetically, Latin-
English.

Latin Examination Papers in Miscellaneous Grammar and
Idioms. By A. M. M. Stedman, M.A. Fourteenth Edition. Cr.

Svo, 2s. 6d. Key (Seventh Edition), issued to Tutors and Private

Students only, 6s. net.

The follovdng papers have been compiled to provide boys who have
passed beyond the elementary stages of grammar and scholarship with
practice in miscellaneous grammar and idioms.

Considerable space has been given to the doctrines of the moods (a read

test of accurate scholarship), and to those short idioms and idiomatic sen-

tences which illustrate the differences between the English and Latin
languages.
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Xlem«ntar7 Latin. Bdng a First Year's Course. By F. J. Tkhky,
B.A., AssisUnt Master at Preston Hoose School, East Grinstead.
Crown 8vo, Pupils' Book, 2s. ; Masters' Book, 3s. 6d. net
A year's school course arrauged for class teaching, with text written to

allow the gradual introduction of all inflected forms. Nouns and verbs are
built up according to their stem formation throughout, so that the learner
gradually acqtiires the Accidence systematically. As a matter of practical
experience, boys 10 or 11 years of age are able to coastrtie Caesar at the end
of the course with but little help. The book contains Vocabularies, Grammar,
and Exercises, and no other textbook is required by the pupils. The Masters'
Book is a commentary on the Pupils' book, and explains the system of teach-
ing. It directs attention consistently throughout to the mtaning of words,
and thus explains the Grammar.

Examination Papers in Horace. By T. C. Weathbrhuad, M.A.
Crown 8vo, 2s.

In this voliune the whole of Horace has been divided into short sections,
and a paper has been set on each section, as well as (usually) two recapitu-
latory papers on each part, e.g. the first book of the Odes.

Exercises in Latin Accidence. By S. E. Winbolt, M.A. Crown
8vo, IS. 6d.

This book is adapted for Lower Forms, and is intended to accompany the
Shorter Latin Primer.

Latin Hexameter Verse. An Aid to Composition. By S. E. Winbolt,
M.A. Crown Svo, 3s. 6d. Key, 5s. neL

This book contains the fruit of several years' class teaching. It is offered

as a help to Fifth and Sixth Forms at Public Schools, and Undergraduates
at Universities.

The principle adopted is to aid in the composition of hexameter verse, by
showing to some extent the development of this literary form, by inferring

from the evolution what is the best workmanship, and by hinting how
technique depends largely on thought

Texts

Caesar.—EASY SELECTIONS FROM CiBSAR. The Helvetian War.
With Notes and Vocabulary. By A. M. M. Stedman, M.A. Illus-

trated. Fourth Edition. iSmo, is.

Livy.—EASY SELECTIONS FROM LIVY. The Kings of Rome.
With Notes and Vocabulary. By A. M. M. Stedman, M.A Illus-

trated. Second Edition. i8mo, is. 6d.

Plautns.—THE CAPTIVI. Edited, with an Introduction, Textual Notes,

and a Commentary, by W. M. Lindsay, Fellow of Jesus College,

Oxford. Demy Svo, los. 6d. net.

The editor has recollated all the important MSS. The book contains a

long Introduction and an important Appendix on the accentual elements in

early Latin verse. The textual Notes are complete and the Commentary is full.

Tacittis.—TACITI AGRICOLA. With Introduction, Notes, Maps, etc.

By R. F. Davis, M.A. Crown Svo, 2s.

TACITI GERMANIA. By R. F. Davis, M.A. Crown 8vo, 2s.

The text, edited with an Introduction, Notes, and Critical Appendix for

Middle Forms.

Translations

Cicero.—DE ORATORE I. Translated by E. N. P. Moor, M.A., late

Assistant Master at Clifton. Second Edition. Crown Svo, 3s. 6d.

SELECT ORATIONS (Pro Milone, Pro Murena, Philippic 11., In

Catilinam). Translated by H. E. D. Blakiston, M.A., Fellow and

Tutor of Trinity College, Oxford. Crown Svo, 5s.
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Oicero.—DE NATURA DEORUM. Translated by F. Brooks, M.A.,
late Scholar of BalUol College, Oxford. Crown 8vo, 3s. 6d.

DE OFFICIIS. Translated by G. B. Gardiner, M.A. Crown
8vo, 2s. 6d.

Horace.—THE ODES AND EPODES. Translated by A. D. Godley,
M.A., Fellow of Magdalen College, Oxford. Crown 8vo, 2s.

Juvonal—THIRTEEN SATHiES OF JUVENAL. Translated by
S. G. Owen, M.A. Crown 8vo, 2s. 6d.

TacituB.—AGRICOI^ AND GERMANIA. Translated by R. B. Town-
SHBND, late Scholar of Trinity College, Cambridge. Crown 8vo, 2s. 6d.

Mathematics
Algebra

Easy Exercises in Algebra. Containing 3500 Original Problems.
By W. S. Beard. Second Edition. Crown 8vo. With Answers,
IS. 9d. ; Without Answers, is. 6d.

A preparatory course in Algebra for the Local Examinations. This book
coatains many distinctive features.

Teat Cards in Euclid and Algrebra. By D. S. Calderwood,
Headmaster of the Provincial Training College, Edinburgh. In three

packets of 40, with Answers, is. each; or in three books, price

2d., 2d., and 3d.

Junior Algebra Examination Papers. By S. W. Finn, M.A.,
Headmaster of Sandbach School. With or Without Answers.
Fcap. 8vo, IS. [Junior Examination Series.

Seventy-two Papers of ten questions each. The problems, which are

original, will be found suitable for candidates for the Local Examinations.

Arithmetic

Easy Exercises in Arithmetic. Containing 50CX) Examples By
W. S. Beard. Fourth Edition. Fcap. 8vo. With Answers, is. 3d.

;

Without Answers, is. [Beginner's Books.
A course of Arithmetic for Lower Forms in Secondary Schools and pupils

preparing for Public Schools, Naval Cadetships, the Oxford and Cambridge
Preliminary Local Examinations. The examples are very numerous, care-
fully graduated, and do not involve the use of big numbers.

Junior Arithmetic Examination Papers. By W. S. Beard.
With or Without Answers. Fifth Edition. Fcap. 8vo, is.

[Junior Examination Series,

Contains 900 Questions arranged in Papers of ten each. Suitable for

candidates for the Local Elxaminations, County Scholarships, etc.

The Metric System. By Leon Delbos. Crown 8vo, 2s.

A clear and practical account of the subject, stating its advantages and
disadvantages, the general principles of the system, linear measures, square
and land measure, cubic measure and measures of capacity.

A South African Arithmetic. By H. Hill, B.A. Cr. 8vo, 3s. 6d.
Contains a number of examples on the South African Weights and

Measures.

Technical Arithmetic and Geometry. By C. T. Millis, M.I.M.E.,
Principal of the Borough Polytechnic Institute. For use in Technical

Institutes, Modem Schools, and Workshops. Crown 8vo, 3s. 6d.

[ Textbooks of Science.

A course in Arithmetic, Geometry, and Mensuration intended more
especially for students in the engineering and building trades.
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Arithmetic Examination Papers. By C. Pendlebury, M.A.,
Senior Mathematical Master at St. Paul's School. Sixth Edition.
Crown 8vo, 2s. 6d. Key, 5s. net. [School Examination Series.

A New Junior Arithmetic. By H. Bompas Smith, M.A., Head-
master of King Edward vii. School, Lytham. Crown 8vo. With
Answers, 2s. 6d. ; Without Answers, 2s.

In this book Arithmetic is taught as the habitual application of common
sense to questions involving number, not as the acquisition of mechanical
facilities in certain rules. It is the cheapest Arithmetic on reform lines issued.

A Short Commercial Arithmetic. By F. G. Taylor, M.A.
Fourth Edition. Crown 8vo, is. 6d. [Commercial Series.
A treatise for those with a fair knowledge of Arithmetic and Algebra.

Special attention is given to quick methods of approximation. Contains an
excellent chapter on the slide rule.

Book-keeping

The Principles of Book-Keeping by Double Entry. By J. E.
B. M'Allen, M.A., Headmaster of Lowestoft Secondary Day School,
Crown Svo, 2s. [Commercial Series.

A clear and intelligible account of the principles of the subject for those
who have no previous knowledge of the subject.

Examination Papers on Book-Keeping By J. T. Mkdhurst.
Tenth Edition. Crown Svo, 3s. Key, 2s. 6d. net.

[Sckool Examination Series.

Geometry
Geometry on Modem Lines. By E. S. Bodlton, M.A., Lecturer

on Mathematics, Merchant Venturers' Technical College, Bristol.

Crown Svo, 2s.

A textbook on the new method. Only necessary propositions have been
retained, and the proofs are based on the simplest process of reasoning.

A Preliminary Q-eometry. By Noel S. Lydon, Assistant Master at

Owen's School, Islington. With 159 Diagrams. Crovni Svo, is.

The " Preliminary Geometry " is intended for the use of beginners. The
treatment of the subject is mainly experimental and practical, and the

ground covered is sufficient to enable the pupil to pass easily to the study of

a formal course of theorems. Problems involving accurate measurement and
arithmetical applications of geometrical principles are freely used ; the book
is copiously illustrated and a large number of useful exercises is provided.

A Junior Q-eometry. By Noel S. Lydon. With 276 Diagrams.

Seventh Edition. Crown Svo, 2s. [Junior School Books.

The method of treatment is the outcome of the author's long practical ex-

perience as teacher of the subject at Owen's School, Islington. The group-

ing of kindred propositions, the demonstrations attached to the practical

problems, the copious series of questions and exercises, and the methodical

division of the subject into lessons of practical length, are features calculated

to commend themselves to both master and pupil.

Mechanics

Examples in Elementary Mechanics, Practical, Graphical, and
TheoreticaL By W. J. Dobbs, M.A. With 52 Diagrams. Crown

Svo, 5s. {See under Physics, p. 32.

)
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Trigonometry
A New Trigronometry for Beginners. By R. F. D'Arcy, M.A.,

Lecturer on Mathematics at Gonyilie and Caius College, Cambridge.
With numerous Diagrams. Crown 8vo, 2s. 6d.

Among the special features of this book are :—The introduction of ex-

periments in practical geometry to lead up to many of the topics considered

;

the use throughout the book of four-figure tables ; the regulation of the
special consideration of the trigonometrical ratios of angles of 30, 45, 60, lao,

135, and 150 degrees to a few worked-out examples.

Trigonometry Examination Papers. By G. H. Ward, M.A.
Fourth £d. Cr. Svo, zs. 6d. Key, 5s. net {School ExaminatioH Series.

Science

Biology

Agricultural Zoology. By J. Ritzema Bos. Translated by J. R.
AiNSWORTH Davies, M.A. With 155 Illustrations. Third Edition.

Crown 8vo, 3s. 6d.

A condensed review of the entire animal kingdom, treatxng in some detail

the animals harmful or helpful to agriculture. It is a manual suitable not
only for students, but also for the practical farmer and general reader.

Dairy Bacteriology. A Short Manual for Students in Dairy Schools,

Cheese-makers, and Farmers. By Ed. von Frmudenreich. Trans-
lated by J. R. Ainsworth Davis, M.A. Second Edition, Revised.

Crown 8vo, 2s. 6d.

A iMief treatise on bacteriology as applied to dairying. For students who
mean to become cheese-makers or dairymen, it is only necessary to get a
general idea of bacteriology and to become familiarised with the results so
far attained by bacteriological research as regards dairying, and the practical

application of the same. The author has therefore introduced only so much
of the general part of bactariology as is absolutely necessary for the com-
prehension of the bacteria of milk, and has made the whole as brief and
elementary as possible.

Plant Life. Studies in Garden and ScbooL By Horack F. Jonbs,
Science Master, Uxbridge County School. With 320 Illustrations.

Crown 8vo, 3s. 6d. [ Textbooks of Science.

A handbook for teachers of botany. A large number of experiments are
included, and full nature-study notes on all plants usually studied in the
dass-rooms are given. It is recommended by the Board of Elducation in

"Suggestions on Rural Education," page 42,

"This volmne furnishes just the right kind of course, both in garden work
and in class-room experiments, which is Ukely to stimulate a permanent interest

in the mind of the pupil and lead him to continue his investigations after he has
left school. We have great pleasure in recommending the book."

—

Schoolmaster.

The Scientific Study of Scenery. By J. E. Marr, F.R.S., Fellow of

St John's College, Cambridge. Third Edition. Illustrated. Crown
8vo, 6s.

An elementary treatise on geomorphology for gec^^phers. As fiar as
possit^e technical terms have been avoided to render it intelligible to the
general reader who wishes to obtain some notion of the laws which have
controlled the production of the earth's principal scenic features.

Agricultural Geology. By J. E. Marr, F.R.S. Illustrated. Ciown
8vo, 6s.

A textbook of geology for agricultural students, more e^>eGiaUy such as
are pre|>ariag for the International Dij^oma in agriculture.
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Outlines of Biology. By P. Chalmbrs Mitchell, M.A., SccreUry
to the Zoological Society of London. Illustrated. Second Edition.
Crown 8vo, 6s.

The contents of this book have been determined by the syllabus of the
conjoint Examining Board of the Royal Colleges of Physicians and Surgeons.
The book serves as a guide in the laboratory, and also will supply the
necessary connecting links between the isolated facts presented by the seven
or eight plants and animals selected out of the multitude of living organisms.

An Elementary Textbook of Agricultural Botany. By M. C.
POTTK*^ M.A., F.L.S., Professor of Botany, Armstrong College,
Newcastle-on-Tyne. Illustrated. Third Edition. Crown 8vo, 4s. 6d.
A textbook of Botany intended more especially for agricultural students.

Considerable space is devoted to vegetable f^ysiology.
Insect Life. By F. V. Thkobald, M.A. Illustrated. Second Edition,

Revised. Crown 8to, 2s. 6d.
A short account of the more important characteristics of insects, dealing

with their economic value at the same time.

Chemistry

A Practical Chemistry Notebook for Matriculation and Army
Candidates. Easy Ejqperiments on the Commoner Substances. By
S. E. Brown, M.A, B.Sc, Senior Science Master at Uppingham.
Crown 4to, is. 6d. net.

The method is based on practical experience, and aims at maintaining
interest by ensuring suooess and accuracy in experimenting. The chi^
objects in view are :—(x) a logical sequence in work and accorate experi-

menting by demonstration of practical use of apparatus
; {2) to allow the

teacher more time for individual attention, and to keep the class together at

work on the same exp>eriment. This is done by providing a series of

practical problems to keep the more rapid workers employed, as well as for

use in revision. Working for two hours (practical) per week, the course

should be completed in about three terms. There are spaces provided for

notes to be taken by the pupH.

A Practical Chemistry tor Schools and Technical Institutes.

By A. E. Ddnstan, B.Sc. (Sheffield and London); F.C.S. (London
and Berlin) ; Member of the Society of Chemical Industry ; Head of

Chemical Department, East Ham Technical College. Crown 8vo, 3s. 6d.

[ Textbooks of Scienu.

This Course of Practical Chemistry meets the requirements of the Upper
Forms of Secondary Schools, tdiere a good elementary foundation has been

laid in the rudiments of manipulation. The book will be found useful also

for classes in Technical Institutes and will cover the following ground :—
Qualitative Analysis of simple substances and of mixtures, Volumetric

Analysis, Simple Gravimetric Analysis, Preparation of Pure Compounds,
More difficult Quantitative Analysis, Qualitative Organic Analysis, Ultimate

Organic Analysis, General Organic E>eterminatioas, Determination of

Physical Constants.

Elementary Experimental Chemistry. By A E. Dunstan, B.Sc.

(Sheffield and London) ; F.C.S. (London and Berlin) ; Member of the

Society of Chemical Industry; Head of Chemical Department, East

Ham Technical College. With 4 Plates and 109 Diagrams. Third

Edition. Crown 8vo, 2s. [Junior School Books.

The arrangement for this book is modelled on that of the author's
'

' Ele-

mentary Experimental Science." The subject is treated experimentally, and

oovers the necessary ground f<«- Oxford and Cambridge Junior Locals,

Coflege of Preceptors (Second Class), and Board of Education (First Stage)

Examinations. The author believes that the method adopted is truly

educationaL The subject is developed in a logical sequence, and wherever

possible, historically.
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An Organic Chemistry for Schools and Technical Institutes.
By A. E. DUNSTAN., B.Sc. With 2 Plates and many Diagrams. Crown
8vo, 2s. 6d. {Textbooks of Science,

This new book, which has not been prepared to meet the requirements of
any particular examining body, is intended for the use of the higher forms of

schools taking the Special Science Course, and as a first-year textbook
in Technical Institutes. The author does not follow the conventional
separation of Organic Chemistry into the two ipsofacto inseparable domains
of Aliphatic and Aromatic compounds, but endeavours to give a bird's-eye

view of the more prominent features in the Science.

Practical Chemistry. By W. French, M.A., Director of Education for

Lancaster. Parti. Fifth Ed. Cr. 8vo, is. 6d. [Textbooks of Science.

A course on purely inductive lines dealing with evaporations and distilla-

tions, filtration solubility, air, water, chalk, soda, common salt, sugar, com-
pound and simple matter, etc.

Practical Chemistry. By W. French, M.A., and T. H. Boardman,
M.A., Science Master at Christ's Hospital. Part II. Crown 8vo,

IS. 6d. [Textbooks ofSciettce.

A continuation of the above dealing with gases, laws of chemical com-
bination, equivalents, atomic theory, molecular weights, symbols, sulphur,
nitrogen, carbon, and their compounds, salts, acids, bases, valency.

A Short History of Chemistry. By T. P. Hilditch, B.Sc. (London),
A.LC., F.C.S. Crown 8vo, 2s. 6d.

Primarily intended as a help to chemical students, more particularly

those studying for University or advanced technical examinations, this

book will also, it is hoped, prove serviceable to general readers who may
wish to have a concise outline of the development of chemistry. Com-
mencing with a general survey of the chemistry of the Ancients and the
Middle Ages, the author shows how the modern science evolved from these,

and then proceeds to the history of the various branches — elements,
minerals, organic, technical and physical chemistry, etc. A glossary of
the most notable names in chemistry is added, and, as far as possible, the
sequences of facts or theories have been summarised in tables which,
while assisting the memory of the student preparing for examinations, may
be omitted by the casual reader.

The Complete School Chemistry. By F. M. Oldham, B.A., Senior
Chemistry Master at Dulwich College. With 125 Illustrations. Fourth
Edition. Crown 8vo, 4s. 6d.

A complete course in practical and theoretical chemistry up to the
standard of the London Matriculation and Army Entrance Examination.
It is so arranged that a boy with no knowledge of chemistry may begin the
book and use it throughout his progress up the school. Short courses on
volumetric analysis and on the common metals are included.

Outlines of Physical Chemistry. By George Senter, B.Sc,
Ph.D., Lecturer in Chemistry at St. Mary's Hospital Medical School.
With many Diagrams. Second Edition. Crown 8vo, 3s. 6d.

[ Textbooks of Science.

This book is designed to serve as a general introduction to Physical
Chemistry, and is specially adapted to the needs of electrical engineers, to
whom an acquaintance with the general principles of this subject is becoming
of increasing importance. Particular attention is devoted to the theory of
solutions and to the modem developments of electro - chemistry. The
general principles of the subject are illustrated as far as possible by
numerical examples, and references are given to original papers and to other

sources of information, so that the student may readily obtain fuller details

on any point and learn to make use of current literature. Only an ele-

mentary knowledge of mathematics is assumed.
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A Junior Chemistry. By E. A. Tyler, B.A., F.C.S., Head of the
Chemical Department, Swansea Technical College. With 78 Illnstra-

tions. Fourth Edition. Crown 8to, 2s. 6d. {Junior School Books.

The first twenty-three pages are devoted to the necessary phy^cal laws
and processes. The purification and properties of water are used to Bbis-
trate these processes. The student is thus led by a continuous chain tf
reasoning through the preparation of pure water to the chemistry of water,
and hence to a knowledge of the fundamental principles of chemistry. The
middle portion of the book treats of these principles, and then follows
the study of certain typical elements and compounds. Problems and
Examination Papers are appended.

An Elementary Text Book of Inorganic Chemistry. By R.
Lloyd Whiteley, F.I.C, Principal of the Municipal Science School,
West Bromwich. Crown 8vo, 2s. 6d.

This book has been written primarily for the use of those who are com-
mencing the Study of Theoretical Inorganic Chemistry on the lines laid

down for Stage I. of that subject in the Syllabus issueid by the Board of
Education. The subject-matter of that Syllabus has consequently been
fully discussed.

General Science

Elementary Experimental Science. By W. T. Clough, Head of

the Department of Physics and Electrical Engineering, East Ham
Technical College, and A. E. Dunstan, Head of the Chemical Depart-

ment, East Ham Technical College. Physics by W. T. Clough,
A.R.C.S.J Chemistry by A. E. Dunstan, B.Sc. With 2 Plates

and 154 Diagrams. Ninth Edition. Crown 8vo, 2s. 6d.

{Junior School Books.

This book is primarily intended for the use of candidates taking Experi-

mental Science in the Junior Local Examinations. It will also be found of

use to those competing for County Council Intermediate Scholarships, and

as a general textbook in Science Schools. The treatment throughout is

experimental, and based on the author's experience in preparing boys for

the above Examinations. The great majority of the Diagrams have been

specially drawn—simplicity, clearness, and the avoidance of all unnecessary

features being particularly aimed at.

Elementary Science for Pupil Teachers. Physics Section by

W. T. Clough ; Chemistry Section by A. E. Dunstan. With

many Illustrations. Crovm Svo, 2s. ' [Textbooks of Science.

A textbook to meet the new requirements of the Elementary Science section

of the Preliminary Examination for the Certificate on the same lines as above.

General Elementary Science. By J. T. Dunn, D.Sc, and V. A.

Mundella, Principal of Sunderland Technical College. With 114

Illustrations. Second Edition. Crown 8vo, 3s. 6d.

An intermediate course in Physics and Chemistry for London Matricula-

tion. It is the textbook adopted by the Admiralty for Elementary Science

at Greenwich College.

The World of Science. By R. Elliott Steel, M.A., F.C.S., Science

Master at Sherborne School. With 147 Illustrations. Second Edition.

Crown 8vo, 2s. 6d.

An elementary account of Chemistry, Heat, Light, Sound, Magnetism.

Electricity, Botany. Zoology, Physiology, Astronomy, and Geology writtcB

in an interesting manner for childrea.
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Physics

Elementary Experimental Electricity and Magnetism. By W.
T. Clough, A.R.C.SC., F.C.S., Fellow of the Physical Society, Head
of the Department of Physics and Electrical Engineering, East Ham
Technical College. With 200 Illustrations and Diagrams. Crown 8vo,

2s. 6d. [ Textbooks of Science.

This book is intended for the use of students taking Electricity and
Magnetism in the Junior Local Examinations, and for those taking Stage I.

in the Board of Exlucation Examinations. The treatment throughout is

experimental, and based on the author's experience in preparing boys for

the above examinations. It is hoped that it will be found useful as an
introductory course to the subject of Electrical Engineering. The great

majority of the diagrams have been specially drawn—simplicity, clearness,

and the avoidance of all unnecessary features being particularly aimed at.

The book provides in one volume theoretical and practical instruction in

Electricity and Magnetism. Worked examples of typical problems are

given, and there is also a Glossary and List of Definitions. In fact, the

arrangement of the book is modelled on that of the author's well-known
" Elementary Experimental Science."

Examples in Elementary Mechanics, Practical, Graphical, and
Theoreticftl. By W. J. DOBBS, M.A. With 52 Diagrams. Crown
8to, 5s. {Textbooks of Science.

This book is intended for use at Schools and Technical Institutes, for

Army and Navy Candidates and Students of Engineering. It consists of

some 1400 examples in Elementary Statics and Kinetics exhibiting the latest

development in the methods of teaching these subjects. But it is something
more than a mere collection of examples, being designed for use without an
accompanying textbook. The preparation and use of simple inexpensive
apparatus is described, and the numerous practical examples requiring the

use of such apparatus have been found to give satisfactory results. The
scope of the book comprises—^Tension and Pressure, Young's Modulus of

Elasticity, Equilibrium of Three Forces, Resolving and Taking Moments,
Centre of Gravity, Velocity, Acceleration, Work, Machines, Energy,
Momentum, Friction, Projectiles, Rotation and Simple Harmonic Motion.
The answers to the examples are given at the end of the book.

Weighing and Measuring. A Short Course of Practical Exercises in

Elementary Mathematics and Physics, by W. J. Dobbs, M.A., sometime
Foundation Scholar of St. John's College, Cambridge, Author of

*' Examples in Elementary Mechanics," etc. Crown 8vo, 2s.

Contents. I. Measurement of Length ; II. Weighing ; III. Measure-
ment of Area; IV. Measurement of Volume ; V. Density and Specific Gravity.

This volume covers that common ground between Elementary Mathema-
tics and Physics which is necessary to give reality to the former, and which
is indispensable before taking up any serious study of the latter. By common
consent, a course of Weighing and Measuring is now an essential part of

school training in Elementary Mathematics. Care has been taken to keep
the scope of the book well within the reach of the great majority of senior

school children of both sexes. For this reason, the knowledge of Mathe-
matics assumed extends only to JEJenaentary Arithmetic, Elementary
Algebra, and Elementary Plane Geometry ; while the book contains as
much Mensuratum as is ordinarily done at schools.

The course of practical work prescribed by the Army Council for the
" Leaving C«lificate " and ' 'Army Qualifying " Examinations is fully covered,

though tlu9 is by no means the sole purpose of the book. The apparatus
required w always of the simplest possible d<^scription.



LIST OF EDUCATIONAL BOOKS 33

The Principles of Magnetism and Electricity. By P. L. Gray,
B.Sc. An Elementary Textbook. With 181 Diagrams. Crown 8vo,
3s. 6d.

Although not written to any special syllabus, the book will approximately
cover the requirements of the Advanced Stage of the Board of Education
Examination, and London B.Sc. Pass Examination. It is well illustrated
with sketches such as a student may, with a little practice, draw for himself
from the actual apparatus.

Examples in Physics. By C. E. Jackson, M. A., Senior Physics Master
at Bradford Grammar School. Second Edition. Crown 8vo, 2s. 6d.

[Tex^Soois of Science,

A collection of over one thousand original problems on Mensuration,
Hydrostatics, Mechanics, Heat, Light, Magnetism, Frictional Electricity,
Current Electricity and Sound, covering the average Physics course in
Secondary Schools.

First Year Physics. By C. E. Jackson. With 51 Illustrations and
numerous Examples. Crown 8vo, is. 6d. \Textbooks of Science.

This book deals with such subjects as may reasonably be included in a
first year course of Physics for Secondary Schools,—the processes of measure-
ment and the elementary principles of Hydrostatics and Mechanics. It is

an attempt on the part of the author to provide a textbook which shall be
a useful supplement to the lessons of the class-room and at the same time
direct the experimental work of the laboratory.

Practical Physics : A Laboratory Course for Advanced Students. By
S. S. Richardson, B.Sc, A.R.C.Sc.(Lond.), Lecturer in Physics,

Municipal Technical School, Liverpool. With Diagrams. Crown Svo,

4s. 6d. {Textbooks of Science.

This volume provides a practical course of work in Experimenal Physics

for students in Technical Colleges and in the higher forms of Secondary
Schools. The treatment is based on experience in teaching the subject

extending over many years. Care is taken to encourage a due amount of

thought on the part of the student, and the method adopted will, it is hoped,

lead the student gradually to work out the details of experiments for himself.

The book, whilst primarily a laboratory manual, forms at the same time a

textbook of the principles of physical measurements. The requirements of

students preparing for University degrees. Civil Service, Board of Education,

and other examinations requiring a knowledge of higher physics have been

kept well in view, and to give further practice, exercises arc provided at the

end of the chapters.

Physics Examination Papers. By R. Elliott Steel, M.A.,

Science Master at Sherborne School. Crown Svo, 2s. 6d.

{School Examination Series.

Papers on Sound, Light, Heat, Magnetism, and Electricity. Both book-

work and problems are included.

Elementary Practical Physics. By Henry Stroud, D.Sc, M.A.,

Professor of Physics, Armstrong College, Newcastle-on-Tyne. With

115 Diagrams. Second Edition, Revised. Crown Svo, 4s. 6d.

An introduction to practical work in a Physical Laboratory and the

standard works on the subject.
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Practioal Mechanics. By Sidney H. Wells, Wh.Sc., A.M. Inst. C.E.,
late Principal of the Battersea Polytechnic, London. An Elementary
Manual for the use of Students in Science and Technical Schools and
Classes. With 75 Illustrations and Diagrams. Fourth Edition. Crown
8vo, 3s. 6d. \_Tcxtbooks of Science.

A laboratory handbook containing all the mechanics part of the ele-

mentary science syllabus of the Headmasters' Association and the London
Matriculation.

Physiology

A Preliminary Physiolo^. By William Narramore, F.L.S.,
M.R.San. Inst., Lecturer in Physiology, Hygiene, Biology, and Botany,
Municipal Technical School, Liverpool. Crown 8vo, 3s. 6d.

[ Textbooks of Science.

This book aims at giving systematic instruction in relation to the

essential functions of the human body. The many original drawings,
sketches, and photomicrographs, which have been prepared directly from
specimens with the special object of elucidating the teaching of the text,

will render the work of considerable value to students of Physiology.

"Preliminary Physiology" is adapted not only to students following
systematic courses of study, but also to meet the requirements of an
increasing number of lay readers taking an intelligent interest in the

important subject of the work and mechanism of the hiunan body. This
work is adapted to meet the requirements of the Board of Education,
the Oxford and Cambridge Locals (Senior), the College of Preceptors,

Candidates for Matriculation, and the several examinations in Physiology
held for students in Hygiene, Physical Culture, Cookery, for nurses in

Probation, and students preparing for examinations in Law, Insurance
and Accountancy, where Physiology is now demanded. The expository styl*.

and practical methods followed throughout the work ¥dll be found well

suited to private study as well as for class courses.

Technology
Engineering Workshop Practice. By Charles C. Allen, Head

of the Department of Engineering, Technical Institute, Auckland.
With 152 Illustrations. Crown 8vo, 3s. 6d. {Textbooks of Technology.

This deals with the manufacturing operations employed in modem work-
shops, and is intended chiefly for students who have opportunities of both
examining and using the machines and tools required.

An Introduction to the Study of Textile Design. By Aldrkd
F. Barker, Head of the Textile Department, Bradford Technical

College. Demy 8vo, 7s. 6d. [Textbooks of Technology.

This work includes within its pages the informaticm which the student of

Textile Design should seek to thoroughly master during the first two years

he attends the Textile School.

Electric Light and Power. By E. E. Brooks, B.Sc.(Lond.), Head
of the Department of Physics and Electrical Engineering, Leicester

Municipal Technical School, and W. H. N. James, A.R.C.S.,
A.M.I.E.E., Lecturer in Electrical Engineering, Municipal School
of Technology, Manchester. With 17 plates and 230 Illustrations.

Second Edition. Crown 8vo, 4s. 6d. [ Textbooks of Technology.

This work is an introduction to the study of Electrical Engineering, no
previous knowledge being assumed, and very little mathematics being re-

quired. It is intended mainly for students employed in electrical

Industries.
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Builders' Quantities. By H. C. Grubb, Lecturer at Beckenham
Technical Institute. Crown 8vo, 4s. 6d. [Textbooks of Technology.

This treatise has been compiled to assist students who are preparing for

the examination in Builders* Quantities, held by the City and Guilds of
London Institute ; while those studying for other examinations, such as
Honours Building Construction, held by the Board of Education, etc., will

find it covers that portion of the syllabus relating to Quantities

A Woodwork Class-Book. Beginner's Course. By H. Hey, Inspector

of Day Manual and of Technological Classes, Surrey Education
Committee, and G. H. Rose, Headmaster, Coulsden Council School,

City and Guilds Woodwork Teacher. With fiill Diagrams and Photo-

graphs. 4to, 2S.

This class-book is the first of a series of three, in which the work is

arranged on a threefold plan of Correlated Lessons in Drawing, Tools and
Materials, and School Workshop Practice. The schemes have b«en approved

by the Board of Education.

BdpouBS^ Metal Work. By A. C. Horth. Crown 8to, 2s. 6d.

[ Textbooks of Technology.

This book provides students with a graded scheme of Sheet Metal Work
for Schools, containing all the information necessary to those wishing to

become expert.

A Textbook dealing with Ornamental Design for Woven
Fabrics. By C. Stephenson, of the Bradford Technical College,

and F. Suddards, of the Yorkshire College, Leeds. With 66

Full-page Plates and numerous Diagrams in the Text. Third Edition.

Demy 8vo, 7s. 6d.

The subject-matter is arranged as far as possible in progressive order,

and always with due regard to the practical application of ornament to the

weaving process. Several chapters are devoted to the various methods of

building up all-over repeating patterns.

Manual Training Drawing (Woodwork). By F. Sturch, Staff

Instructor to the Surrey County Council. Its Principles and Ap-

plication, with Solutions to Examination Questions, 1892-1905, Ortho-

graphic, Isometric, and Oblique ProjecUon. With 50 Plates and 140

Figures. Fcap., 5s. net.

A ruide to the Examinations in Manual Training Woodwork of the City

and Guilds of London Institute, the Board of Examinations for Educational

Handwork, and the Examinations of the N.U.T., and for use m Secondary

Schools and Training Colleges. It deals with the requirements m Geo-

metrical and Mechanical Drawing of the Educational Department, University

of London, London Chamber of Commerce, etc.

Oorpentry and Joinery. By F. C. Webber, Chief Lecturer to the

Building Trades Department of the Merchant Venturers Technical

College at Bristol. Fifth Edition. Crown 8vo, 3s. 6d. ^^, ^^ {Textbooks of Technology.

Aa dementary textbook suitable for the Preliminary Grade of the City

and G«lds of London Institute and as a book of reference for the

apprentice.
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Messrs. Methuen's Series

Partwulars of the Books will be found in the First Section of this Catalogrte^

under the Subjects

The Beginner's Books
Edited by W. WILLIAMSON, B.A., F.R.S.L.

A series of elerrieiitary class books for beginners of seven to twelve years, or there-

abouts. They are adapted to the needs of preparatory schools, and are suitable for

the use of candidates preparing for the Oxford and Cambridge Preliminary Local and
the College of Preceptors Examinations. The series will be especially useful to lead

up to Methuen's Junior School Books. The author of each book has had _ consider-

able experience in teaching the subject, while special attention has been paid to the

arrangement of the type and matter, which is as clear and concise as possible. The
books are beautifully printed and strongly bound, and are issued at one shilline each.

Easy French Rhymes. H.
Blouet. is.

Easy Stories from Engrlish His-
tory. E. M. WILMOT-BUXTON. IS.

stories from Roman History.
E. M. WlLMOT-BuXTON^ IS. 6d.

stories from the Old Testa-
ment. E. M. WiLMOT - BOXTON.
TS. 6d.

stories from the New Testa-
ment. E. M. WiLMOT-BuXTON. is.6d.

A First Course in Eng^lish. W.
S. Beard, is. 6d-

A First History of Greece. E. E.
Firth, is. 6d.

Easy Exercises in Arithmetic
W. S. Beard. Without Answers, is.

;

With Answers, is. 3d.

Easy Dictation and Spelling^.
W. Williamson, is.

An Easy Poetry Book. W.
Williamson, is.

Classical Translations

Edited by H. F. FOX, M.A., Fellow and Tutor or Brasbnose College, Oxford.
Crown 8vo

A series of Translations from the Greek and Latin Classics, distinguished by literary

excellence as well as by scholarly accuracy.

>Eschylus — Agamemnon, Choe-
PHOROE, Eumenides. Translated by L.

Campbell. 5s.

Cicero — De Oratore L Trans-
lated by E. N. P. Moor. 3s. 6d.

Cicero— Select Orations (Pro
Milone, Pro Mureno, Phillipic ii., In
Catilinam). Translated by H. E. D.
Blakiston. 5s.

Cicero — De Natura Deorum.
Translated by F. Brooks. 3s. 6d.

Cicero — De Officiis. Translated
by G. B. Gardiner, as. 6d.

Commercial Series

Horace— The Odes and Epodes.
Translated by A. D. Godley. as.

Lucian — Six Dialogues (Nig-
RiNus, Icaro-Menippus, The Cock, The
Ship, The Parasite, The Lover of
Falsehood). Translated by S. T. Irwin.
3S. 6d.

Sophocles— Ajax and Electra.
Translated by E. D. Morshead. as. 6d.

Tacitus — Agricola and Ger-
MANiA. Translated by R. B. Townshend.
as. 6d.

Thirteen Satires of Juvenal.
Translated by S. G. Owen. as. 6d.

Edited by H. de B. GIBBINS, Litt.D.

Crown 8yo

M.A.

A series intended to assist students and young men preparing for a commercial
career, by supplying useful handbooks of a clear and practical character, dealing with
those subjects which are absolutely essential In the business life.

The Principles of Book-keeping:
by Double Entry. J. E. B.
M 'Allen, as.

A French Commercial Reader.
S. £. Bally, as.

French Commercial Correspon-
dence. S. E. Bally, as.

German Commercial Corre*
spondence. S. £. Bauly. ss. 6d.
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Commercial Series

—

continued

A German Commerciai Reader.
S. E. Bally, as.

A Commercial Geogrraphy o-F

Foreign Nations. F. C. Boon. as.

Commercial Law. W. D.
Edwards, as.

British Commerce and Colonies
from Elizabeth to Victoria.
H. DE B. GiBBINS. 2S.

The Economics of Commerce.
H. DH B. GiBBINS. IS. 6d.

Commercial Examination
Papers. H. de B. Gibbins. is. 6d.

A Primer of Business. S. Jack
SON. New and Revised Edition, is. 6d.

An Entrance Guide to Profes-
sions and Business. H. Tones.
IS. 6d.

A Commercial Geography of
the British Empire. L. W.
LyDE. 2S.

A Short Commerciai Arithmetic
F. G. Taylor, is. 6d.

Precis Writing and OfRce Cor-
respondence. E. E. Whitfield.
as.

Junior Examination Series
Edited by A. M. M. STEDMAN, M.A-

Fcap. 8vo, IS.

This series is intended to lead up to the School Examination Series^ and is intended for the
use of teachers and pupils in Lower and Middle, to supply material for the former and
practice for the latter. The papers are carefully graduated, cover the whole of the subject
usually taught, and are intended to form part of the ordinaiy class work. They may be
used vivci voce or as a written examination.

Junior French Examination
Papers. F. Jacob.

Junior English Examination
Papers. W. Williamson.

Junior Arithmetic Examination
Papers. W. S. Beard.

Junior Algebra Examination
Papers. S. W. Finn.

Junior Greek Examination
Papers. T. C. Weatherhead.

Junior Latin Examination
Papers. C. G. Botting.
A Key to the above. 3s. 6d. net.

Junior General Information
Examination Papers. W. S.

Beard.
A Key to the above. 3s. 6d. net.

Junior Geography Examina-
tion Papers. W. G. Baker.

Junior German Examination
Papers. A. Voegblin.

Junior History Examination
Papers. W. O. P. Davies.

Junior School Books
Edited by O. D. INSKIP, LL.D., and W. WILLIAMSON, B.A.

A series of school class books. They are adapted to the needs of the Lower and Middle
Forms of the Public Schools, and are suitable for the use of candidates preparing for the

Oxford and Cambridge Junior Local Examinations.

Elementary Experimental
Science. Physics by W. T.

A Class-Book of Dictation
Passages. W. Williamson, is. 6d.

The First Book of Kings. A. E.
RUBIE. 28.

The Gospel according to St.

Matthew. Edited by E. W. South.
is. 6d.

The Gospel according to St.

Mark. Edited by A. E. Rubie. is. 6d.

The Gospel according to St.

Luke. Edited by W. Williamson, as.

The Acts Of the Apostles. Edited

by A. E. RuBiE. 2s.

A Junior English Grammar.
W. Williamson, as.

Clough ;

Dunstan.
Chemistry
as. 6d.

by A.

Elementary Experimental
Chemistry. A. E. Dunstan. as.

A Junior Chemistry. E. A.
Tyler, as. 6d.

A Junior French Grammar.
L. A. SoRNET and M. J. Acatos. as.

A Junior French Prose. R.

R. N. Baron, as.

A Junior Geometry. N. S.

Lydon. as.
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Junior School Books

—

continued

A Junior Greek History. W. H.
Sfraggb. 2s. 6d.

A Junior Latin Prose. H. N.
ASMAN. 2S. 6d.

Six Ages of European History
From A.D. 476 to 1878

Edited by A. H. JOHNSON, M.A., Fellow of All Souls' College, Oxford.

With Maps. Crown 8vo, 2s. 6d.

Tlie Dawn of IMedieeval Europe,
476-918. J. H. B. Masterman.

irite Central Period of the
iViiddle Ag:e, 918-1273. Beatrice
A. Lees.

The End of the Middle Age,
1273-1453. Eleanor C. Lodge.

A School Latin Grammar. H. Gk
Ford. as. 6d.

Eng^lish Literature for Schools.
E. E. Firth. 2s. 6d.

Europe in Renaissance and
Reformation, 1483-16S9. Mary
A. HOLLINGS.

The Age of the Eniigrhtened
Despot, 1660-1789. A. H. Johnson.

The Remaking: of Modern
Europe, 1789-1878. J. A. R.
Marriott.

Methuen's New Geographical Series

A Systematic Geography of the World. By G. W. Webb, B.A.
Owen's School, Islington. In Five Vols. With Maps. Cr. 8vo, is. each.

This new series of Geographies, which will be completed in Five Volumes, provides for

a study of the geography of the world on modern lines, as recommended by the Board of
Education. Attention is directed to the connection between the configuration of the land,

the climate, and the economic and political conditions, and there is a consideration of the

geology of the various regions. The matter has been systematically arranged, and the books
will be found suitable for examination purposes, and also of interest to the general reader.

Vol. I. The British isles. Vol. II. Europe (excluding the British Isles).

Vol. III. Asia. Vol. IV. America. Vol. V. Africa, Australasia, and
Polynesia.

Methuen's New Historical Series

Edited by the Rev. H. N. Asman, M.A., B.D.

These are the first volumes of a new historical series for Schools under the General
Editorship of the Rev. H. N. Asman, M.A., B.D., Second Master of Owen's School,

Islington. The series is on the lines of the recent Circular of the Board of Education on the

teaching of history.

Stories from Ancient History. By E. Bowykr, B.A., B.Sc, Assistant
Master Owen's School. Crown 8vo, is. 6d. (see p. 17X

Stories from Modern History. By E. M. Wilmot-Buxton, F.R.Hist.S.
Crown 8vo, is. 6d. (see p. 22).

Stories from Old Romance
Edited by E. M. Wilmot-Buxton, F.R.Hist.Soc.

Crown 8vo, is. 6d. each

Messrs. Methuen beg to announce the issue of the above new series, which will include

volumes of stories taken from the romantic epics of the chief countries possessing suitable

literatures.

These volumes will serve as an introduction to world literature as well as form literary

readers that will appeal to children between the ages of eight and twelve in all classes ot

schools. They will also be found suitable gift-books for all young lovers of stirring

romance and tales of chivalry.

Stories from Old French Ro-
mance. E. M. Wilmot-Buxton.

Stories from the Great Writers.
E. M. Wilmot-Buxton.

Stories from Bunyan. E. L.
Elias.

Stories from Dickens. Joyce
Cobb.

Stories firom Italian Romance.
Susan Cunington.
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Stories from the Histories
Edited by E. M. Wilmot-Buxton, F.R.Hist.Soc

With I Map. Crown 8vo, is. 6d. each

This series will embrace the history of all the chief countries of the world. It is hoped
that by supplying a series of interesting stories these volumes will promote a desire for a
more detailed knowledge and remove the general complaint that English children grow up
ignorant of the great events and characters in the history of other nations.

Tales -from Irish History, i Stories from French History.
A. BiRKHEAD, B.A. 1 Taylor Dyson, M.A.

School Examination Series
Edited by A. M. M. STEDMAN, M.A.

Crown 8vo, 2S. 6d.

These books are intended for the use of teachers and students— to supply material for

the former, and practice for the latter. The papers are carefully graduated, cover the

whole of the subject usually taught, and are intended to form part of the ordinary class work

French Examination Papers.
A. M. M. Stedman.
Key. 6s. net.

Latin Examination Papers.
A. M. M. Stedman.
Key. 6s. net.

Greeic Examination Papers.
A. M. M. Stedman.
Key. 6s. net.

German Examination Papers.
R. J. MORICH.
Key. 6s. net.

History and Geogrraphy Exam-
ination Papers. C. H. Spence.

Physics Examination
R. E. Steel.

Papers.

General Knowledg^e Examina-
tion Papers. A. M. M. Stedman.
Key. 7S. net.

Examination Papers in English
History. J. Tait Plowden-Ward-
law.

School County Histories
Illustrated. Crown 8vo, is. 6d.

This series is designed to enforce the idea, so all-important in young people's education,

that history begins at home. The volumes are meant to bring history into connection with

scenes which their readers know, to illustrate manners by local examples, and to teach that

every place has its interest and its story. Maps and illustrations are freely added, and each

county volume is written by an author who has made a special study of the county he treats.

A School History of Warwick-
shire. B. C. A. Windle.

A School History of Somerset.
W. Raymond.

A School History of Surrey.
H. £. Malden.

A School History of Middlesex.

V. Plarr and F. W. Walton.

A School History of Lancashire.

W. E. Rhodes.

Simplified German Texts
Edited by T. R. N. CROFTS, M.A.

Fcap. 8vo, IS. each

This series is uniform with Methuen's Simplified French Texts,

Der Mliller am Rhein. Founded
on Brentano's Marchen.

Undine und Huldbrand. LA
MOTTB F0UQU4.

Die Geschichte von Peter
Sehlemihl. A. V. Chamisso.

Die Nothelfer. W. H. Riehl.

Simplified French Texts
Edited by T. R. N. CROFTS, M.A.

Fcap. 8vo, IS. each

A series of French stories retold in easy French for y°""g P^P^'^^Y^^
.'^'^Xlfef?h'J^dS

the language about two or three years. Vocabularies have been added m which the idioms

are explained.

L'Histoire d'uno Tulipo. A. . La Chanson de Roland. Roland.

Dumas. M^moiresdeCadichon. MADAMS
Abdallah. Edouaxd Laboulate. i

de Sj^gur.
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Simplified French Texts

—

continued
Le Docteur Math^us. Erck
mann-Chatkian.

L'^quipage de ia Belle Niver
naise. Alphonse Daudet.

La Bouiiiie au Miel. A, Dumas
Deux Contes. P. M^rrimI^e,
Jean Vaijean. Victor Hugo.
L'Histoire de Pierre et Camille.
A. DK MUSSET.

Le Conscrit do 1813. Erckmann-
Chatrian.

La Batailie de Waterloo.
Erckmann-Chatrian.

Remy, Le Chevrier. E. Sou-
VESTRE.
Edmond Dantes. A. Dumas.
D'Ajaccio kL 8aint-H4f6ne. A.
Dumas.

M. de Beaufort bt, Vincennes.
A. Dumas.

Textbooks of Science
Fully Illustrated. Crown 8vo

A series of textbooks for Secondary Schools and Schools of Science
Practical Mechanics. S. H.
Wells. 3s. 6d.

TheCompleteSchool Chemistry.
F. M. Oldham. 4s. 6d.

Examples in Elementary
IViechanics. W. J. Dobbs. ss.

Practical Chemistry. Part I.

W. French, is. 6d.

Practical Chemistry. Part II. W.
French and T. H. Boakdman. is. 6d.

Elementary Science for Pupil
Teachers. W. T. Clough and A.
E. DUNSTAN. 2S.

Outlines of Physical Chemistry.
G. Senter. 38. 6d.

An Orgranic Chemistry for
Schools and Technical in-
stitutes. A. E. DuNSTAN. 2S, 6d.

A Preliminary Physiolog^y. W.
Narkamorb. 3s. 6d.

Physics. C. E.Examples in
Jackson. 2s. 6d.

First Year Physics. C. E. Jack-
son, is. 6d.

Technical Arithmetic and
Geometry. C. T, Millis. 3s. 6d.

Plant Life. H. F. Jonks. 3s. 6d.

A Practical Chemistry for
Schools and Technical in-
stitutes. A. E. DuNSTAN. 3s. 6d.

Practical Physics: A Laboratory
Course for Advanced Students. S. S
Richardson. 4s. 6d,

Elementary Experimental Elec-
tricity and IMagnetism. w.
T. Clough. 2s. 6d.

A Short Systematic History of
Chemistry. T. P. Hilditch. as. 6d.

Textbooks of Technology
Fully Illustrated. Crown 8vo

How to Make a Dress. J. A. E.
Wood. is. 6d.

Carpentry and Joinery. F. C.
Webber. 3s. 6d.

Millinery, Theoretical and
Practical. C. Hill. 2s.

instruction in Coolcery. A. P.

Thompson. 2s. 6d.

An introduction to the Study
of Textile Design. A. F. Barker.
Demy 8vo, 7s. 6d.

Builders' Quantities. H. C.
Grubb. 4s. 6d.

Repouss^ Metal Work. A. C.
Horth. 2s. 6d.

Electric Light and Power.
E. E. Brooks and W. H. N. James.
4s. 6d.

Engineering:WorkshopPractice.
C. C. Allen. 3s. 6d.

GIFT BOOKS AND PRIZES
General Literature

stories from Old Romance. Edited by E. M. Wilmot-Buxton.
Crown 8vo, is. 6d. each. (See p. 38.)

Stories from the Histories. Edited by E. M. Wilmot-Buxton.
Crown Svo, is. 6d. each. (See p. 39.)

Stories from the Great Writers. Edited by E. M. Wilmot-Buxton.
(See p. 38.)

The Story of Milton's "Paradise Lost." Narrated for the most
part in the words of the Poet. By George Carter, M.A., Head-
master of New College School, Oxford. Crown Svo, is. 6d. (See p. 6.)
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Christmas at the Zoo. By William Boyle. Described in Verse.
With 24 Coloured Pictures by H. B. Neilson. Super-royal i6mo, 2s.
A new nursery rhyme, which tells what happened at the Zoo when Bather

Christmas called to give the animals a holiday, and they played at being men.
Tommy Smithes Animals. By Edmund Sblods. With 8 Illustrations

by G. W. Ord. Eleventh Ed. Fcap. 8vo, 2s. 6d. School Edition, is. 6d.
Tommy Smithes Other Animals. By Edmund Sblous. With 12

Illustrations by Augusta Guest. Fifth Edition. Fcap. 8vo,
2s. 6d. School Edition, is. 6d.

These charming books, besides inculcating kindness to animals, convey
much natural history information. The animals dealt with are—frog, toad,
rook, rat, hare, grass-snake, adder, peewit, mole, woodpigeon, squirrel,
barn-owl, weasel, blackbird, thrush, hedgehog, dabchick, moorhen, wood-
pecker, fox, cuckoo, watervole, rabbit.

Little MitchelL The Story of a Mountain Squirrel told by Himself. By
Margaret W. Morley. With 26 Illustrations. Sq. cr. 8vo, 2s. 6d.

This book is a bright story of an American Mountain Squirrel, showing
how a lady found him as a baby and brought him up on her farm. His
exciting adventures, long journeys, the friends he found, and the happy time
he had in Boston, make a most interesting story, while many naturad history
facts find their way into the book, and these are without exception within the
comprehension of a child, and so accurate that they may be trusted not to
contain anything that the facts of science will not support.

In the Great Colonial Bush. By Edith L. Elias. Author of "The
Wonderful Voyages of Gulliver Retold," etc With many Illustrations.

Fcap. 8vo, 2S. 6d.
This volume, which has been written with the aim of amusing children,

endeavours also to convey some knowledge of bird and animal life in the

Colonies. Australia, South Africa, Canada, and New Zealand are dealt

with in turn, the connecting link being a little girl, named Lucy, who goes
magically from one country to the other. The book will delight, as well as

instruct, so that it may be used with equal fitness as a school reader or a
gift-book. The birds and animals included are very numerous, and
amongst them will be found the Platypus, the Koala, the Laughing Jackass,

the Bower Bird, the Kangaroo, the Water Tortoise, the Zebra, the Ant-Eater,
the Gnu, the Reindeer, the Beaver, the Kiwi, the Penguin, and many others.

The Bee People. By Margaret W. Morley (Founded on). With 74
Illustrations. Sq. crown 8vo, 2s. 6d.

A natural history book for children on a thorough but entertaining plan.

The book tells in simple, easy language the Ufe-history of the bee, a general

account of the insect being followed by chapters devoted to its eyes, tongue,

honey-sack, legs, wings, and sting. The making of wax-comb and honey
and the hatching of the eggs are fully described. The processes described

and illustrated arc such as may be seen in most cases by children themselves,

and the orderly arrangement of the observations will tend to develop that

most important faculty, "how to observe."

A Primer of Photography. By Captain Owen Wheblkr, F.R.P.S.

With many Illustrations. Crown 8vo, 2s. 6d. net.

There are in existence numerous excellent manuals of photography,

many sound treatises on individual processes, and one or two admirable

compendia of photography in all its branches. The object of this primer

is to provide something a little different—an introduction to the theory and

practice of photography which, while imparting sufficient practical instruc-

tion to enable a novice to walk alone, shall indicate in clear outline, and

inspire interest in, the more advanced branches of photographic study.

Only the technical side is dealt with, and this by the light of over thirty

years' all-round experience. Various processes of negative-making, printing,

and enlarging are closely described, and up-to-date information is added

respecting Tclephotop-aphy, Photography in Colours, and other modera

developments.
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An Introduction to the History of Borne. By H. N. Asman,
M.A., B.D. With 2 Maps and 14 Illustrations. Crown 8vo, 2s. 6d.
(Seep. 17.)

The Blue Bird. A Fairy Play in Five Acts. By Maurice Maeterlinck.
Translated by Alexander Tetxeira de Mattos. Thirteenth Edition.

Fcap. 8vo. Deckle edges, 3s. 6d. net ; also in paper covers, is. net.

We have here a fairy extravaganza and allegory in five acts, in which a
number of dumb and inanimate creatures—the dog, the cat, the goat, the
wolf, the trees, fire, water, bread, sugar, milk—are endowed with speech and
Ufe. There are scenes of amazing beauty of dialogue and setting ; and there
are scenes full of the most whimsical and delicate humour.

The Young Botanist. By W. Percival Westell, F. L. S. , M. B. O. U. ,

and C. S. Cooper, F.R.H.S. With 8 Coloured and 63 Black and
White Plates drawn from Nature by C. F. Newall. Crown 8vo,
3s. 6d. net.

This eminently useful and practical handbook, in an original and concise
manner, sets out in tabular form full accounts of all the commoner British

wild plants ; their English and Latin names, where they grow and when
they bloom, their form and structure, salient features, medicinal uses, etc.

etc. The plants are treated under their natural orders, and a concise
description is given of the characteristics of each order. There is a practical
Introduction containing useful hints and directions as well as a detailed
Introduction respecting classification, structure, fertilisation.

Insect Wonderland. By Constance M. Foot. Author of "Science
through Stories," etc. With 38 Illustrations by V. Q. Allan. Crown
8vo, 3s. 6d. net.

This volume describes the Insect World in a form both interesting and
instructive to youthful readers. One or more specimens have been chosen
from each of the seven great National Orders, according to the Linnean
system of division. The insects tell their own tales, in ten chapters entitled

"Butterfly Green," "Grasshopper Lane," "Beehive Palace," and so on,
and there are 38 charming Illustrations. The volume will prove alike

acceptable as a reader for the kindergarten or as a play-time story book.

The Young Electrician. By Hammond Hall, Author of '* The Young
Engineer." With many Illustrations. Crown 8vo, 5s.

A book which appeals to every boy who is interested in the fascinating
science of electricity. It describes in simple language the various means
by which electric energy is produced and utilised. It tells about electrical

machines, batteries and coils, electro - plating, telegraphs, telephones,
dynamos, accumulators, and electric motors. It gives instructions for

making and using working models of these instruments, as well as for

performing with inexpensive apparatus a great number of interesting and
instructive experiments.

The Young Carpenter. By Cyril Hall. With many Diagrams and
15 Photographic Illustrations. Crown 8vo, 5s.

This book gives minute directions for properly using tools and for making
a number of small articles of furniture. It also enters largely upon the
evolution of modern tools from rude beginnings, and upon the natural history

of the material with which the carpenter works, the result being a volume

—

written in simple and attractive language—of absorbing interest to the boy
with a bent for making things. The operations of sawing and planing, the
setting-out and cutting of joints in everyday use are so carefully described,
that, aided by the photographs illustrating the process, every boy is enabled
to become his own carpenter.

The Young Engineer; or, Modern Engines and their Models. By
Hammond Hall. With 85 Illustrations. Second Edition. Crown
8vo, 5s.

A book of absorbing interest to every boy who has a bent towards
mechanics. It describes and illustrates full-sired engines of all sorts—from



LIST OF EDUCATIONAL BOOKS 43

the express locomotive to the road car, from the turbines of the latest
Canarder to the diminutive but beautiful mechanism of the Whitehead
torpedo—and explains how to make models of various types. Accounts and
photographs are given of some famous model engines and model railways,
and there is a. chapter on the tools and materials required by the model-maker.

The Young Naturalist. By W. Percival Westell, F.L.S.,
M.B.O.U. With 8 Coloured Plates by C. F. Newall, and a large

number of specially selected Photographs from the collections of well-

known animal photographers. Crown 8vo, 6s.

In this interesting, useful, and well-informed work, the author has
prepared a remarkable volume, which will be found bright, popular, and
serviceable. He deals with all the commoner forms of British animal
life, namely, mammals, birds, reptiles, and amphibians, fresh-water fishes,

crabs and scorpion groups, insects, shellfish, sea-urchins, starfishes, jelly

fishes, etc. The exhaustive introduction to the volume is in itself an elaborate
synopsis of animal life written on absolutely original lines.

My Pete. By Alexandrb Dumas. Newly translated by A. R.
Allinson, M.a. With 16 Illustrations by V. Lecomte. Crown 8vo, 6s.

Here we hare Dumas in a new r$U—at least one unfamiliar to most
English readers. Dramatist, novelist, traveller, the "Great Alexandre " was
also a lover of animals and a sportsman. "My Pets" (Mes B^tes) is

crammed with good stories,—of the strange household at "Monte Cristo"

(on the Marly road), which included five dogs, three monkeys, two parrots,

a cat, a golden pheasant, and a vulture,—of Vatrin the keeper and his cutty-

pipe,—of the monkey and the soda-water bottle,—of Diogenes the vulture

and Mysouff the cat,^-of the immortal, the irrepressible, the never-to-be-

forgotten Pritchard, the Scotch pointer, and all the time of the great

garrulous Dumas himself. But it is obviously impossible in a paragraph
to give a notion of the wealth of humour and humanity in a book like this.

The book is charmingly illustrated.

Man and Nature on Tidal Waters. By A. H. Patterson, Author

of "Notes of an East Coast Naturalist" With Illustrations by the

Author. Crown 8vo, 6s.

This new volume deals concisely with many phases of the Wild Life of that

interesting comer of East Anglia which is the author's homeland, while

many new and extraordinary yams of fishermen, punt-gunners, and others

of that '
' Humble race of men,

Alike amphibious, by kind Nature's hand
Form'd to exist on water and on land,"

are narrated. Fisheries present and obsolete, gims and gunners, Nature

and folk-lore, are all lucidly described, and are illustrated by the author's

own pen-and-ink sketches.

Jack's Insects. By Edmund Selous, Author of "Tommy Smith's

Animals," "Tommy Smith's Other Animals," etc. With 44 Illustra-

tions by J. A. Shepherd. Crown 8vo, 6s.

" How interesting it would be," said a little girl to her brother, who had

told her she would like the book he was reading when once she had got into

it, "if one could get into books, I don't mean in the way one says," she

explained, " but if one could really get inside them, and talk to the people

one met there—historical people, for instance—and find out if it was all

tme about them, and " She yawned so that she couldn't go on, for it

was past bed-time, and both the children were beginning to fall asleep, when,

all at once, they found themselves inside the book on the table in front of

them, which woke them up completely. Onlv as it was a book of

entomology, and not history, of course the people in it were insects, and

it was about insects the children leamt.
xr /-> -d

Science from an Easy Chair. By Sir Ray Lankester, ^^-C-K.,

F.R.S. With many Illustrations, of which two are in Colour. Fifth

Edition. Crown 8vo, 6s.

This is a potpourH of chapters addressed to the general reader, on 3
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large variety of subjects belonging to the domain ofnatural history, astronomy,
prehistoric archaeology, the investigation of disease, and the story of extinct

animals. Each chapter is complete in itself, and many arw illustrated.

Amongst the subjects treated are the migrations of the eel, the story of the

American poison vine, the true pose of the galloping horse, comets, the
spectroscope and the heavenly bodies, the history of dragons mythical and
real, the simplest liring things, the nature of cholera, grouse-disease, tadpoles,

jumping beans, clothes' moths, the death-watch, and the hop-fly. The book
is intended to while away an hour from time to time, and ^ould attract

those who, though desirous of knowing more about the results of scientific

inrestigation, and raluing correct and authoritative information, yet require

such information to be placed before them in a readaUe and agreeable form.

A Book of the Zoo. By Eric Parker. With 24 Illustrations from
Photc^raphs by Henry Irving. Crown 8vo, 6s.

The author has tried in this book to make a round of the Zoological

Gardens, and to show the animals to a visitor as they appear to one who has
spent many hours watching their individual characters and habits in captivity.

A special study is made of the behaviour of the animals by night and at

dawn, the author having been allowed to visit the gardens by night for this

purpose. Throughout the book the impression is of humour and humanity
rather than of scientific detail ; there are chapters on Children at the Zoo,

Bank Holiday, and so on, and the book is Slnstrated with 34 really beautiful

studies of animals from photographs by Mr. Henry Irving.

Two liegs, and Other Stones. By Carl Ewald. Translated from
the Danish by Alexander Teixeira de Mattos. Illustrated by
Augusta Guest. Lai^e crown 8vo, 6s.

This is the first of a series of volumes of fidry tales by Carl Ewald, an
exquisite Danish writer, who has already been hailed in America and on the

Continent as the legitimate successor of Hans Christian Andersen. The
book consists of a doxen stories.

The Lore of the Honey-Bee. By Tickner Edwardes. With 24
Illustrations. Third Edition. Crown 8vo, 6s.

Succinctly this book is a history of bees and their masters from the very

earliest times down to the present. The wonderful communal life within

the hive is touched on in all its varying aspects ; and the reader is introduced

to a class of men fi'om all ages as quaintly original, as their calling is

inimitably picturesque. The book covers the whole field of ascertained

facts in the natural history of the honey-bee, as well as the romance of bee-

manship past and present ; and nothing better could be put in the hands of

the beginner in apiculture, no less than in those of the advanced student of

what is probably the oldest human occupation under the sim.

Goops, and How to be Them. By Gelett Burgess. A Manual of

Manners for Polite Infants, inculcating many Juvenile Virtues both by
Precept and Example. With 90 Drawings. Small 4to, 6s.

A set of easily learnt, catchy nursery rhymes for children, that will

impress on them sonae of the primary rules of good manners—such precepts

as are continually enforced in the nursery. The illustrations arc very clever,

and so simply drawn that they can be easily copied by children.

Sintram and his Companions. By La Motte FovQVt. Trans-

lated by A. C. Farquharson. With 20 Illustrations by Edmund J.

Sullivan, and a Frontispiece in Photogravure from an engraving by
Albrecht DiJRER, Demy 8vo, 7s. 6d. net; half-white vellum,

I OS. 6d, net.

This is an English translation, with illustrations worthy of its fantastic

original, of one of those romances for which Fouqu6 was so famous.

"Sintram and his Companions" is in many regards more t3rpical of its

author's genius, and of the movement of romanticism, than the better known
and exquisite "Undine." It was, moreover, inspired by one of Albrecht

Diirer's most masterly inventions. This capital grace of style, this simple

yet grotesque fantasia of a soul's tragedy, with the dominant note of
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Diireresque allefory, artist and translator have together laboured to present
anew to English readers. The exquisite lyrics have been done into the same
metre with the original.

English Woodlands and their Story. By Houghton Townley.
With 100 Illustiations from Photographs by the Author. Wide Demy
8vo, 15s. net.

This book deals with the forests of England as they exist in our day, and
is largely the result of a tour of the royal and other woodlands in search of
the picturesque, the romantic, and the historical. The author has made an
especial study of artistic woodland photography, and the hundred full-page
illustrations with which the book is embellished will be foimd to be of
unusual interest to the forester, the photographic enthusiast, and the lover of
nature. An interesting and handsome gift-book.

Fiction
The story of Bayard. Founded on the "Histoire du bon Chevalier

Bayard" by the " Loyal Serviteur." Adapted byAmyG. Andrewes.
With 8 Illustrations by V. Lecomte. Crown Svo, 2s. 6d.

Though the name of Bayard is so famous, it is doubtful if, with the
exception of his heroism on the bridge and his exploits at the battle of
Marignano, the stirring incidents of his life are as well known to young
people and others as they might be. This relates briefly and lightly his
life-story, taken not only from the pages of French history, but also in great
measure from the narration of his faithful servant and biographer, the
" Loyal Serviteur," who does such justice not only to the romantic acts, but
to the noble character, of the "Good Chevalier."

Gross and "D&gger. The Crusade of 1212. By Wm. Scott Durrant,
M.A. With 8 niustrations by Arthur H. Buckland. Crown Svo,

3s. 6d.

This romance deals with the crusade of tens of thousands of children to
recover the Holy Land. The Church encoiuuged it ; but underlying it was
a plot by the "Old Man of the Mountain " to secure a number of Christian
youths. Thousands of the children arrived at Marseilles, expecting the sea

to open, and many ultimately embarking, were taken to Africa and sold

into slavery.

The whole story is set against a background of history—the quarrel
between Otto iv. and the Pope, the mission of St. Francis of Assisi to

Damietta, the court of Otto's successor, Frederick ii. There is contemporary
evidence, more or less direct, for everything.

Methuen's Standard Library
Cloth, IS. net ; double volumes, is. 6d. net. Paper, 6d. net ; double volumes, is. net.

Methuen's Standard Library is a series of volumes containing the great classics of
the world, and particularly the finest works of English literature. Tbe characteristics of

Methuen's Standard Library are foxu: :—i. Soundness of Text. 2. Cheapness.
3. Clearness of Type. 4. Simplicity. The books are well printed on good paper.

Each volume contains from 100 to 250 pages, and is issued in paper covers, crown Svo, at

Sixpence net, or in doth gilt at One Shilling net. In a few cases long books are issued as

Double Volumes or as Treble Volumes.
"Well printed on good paper, and very neatly turned out in paper covers at

sixpence, and cloth bindings at one shillmg, with unabridged texts, this series

cannot fail to excite the emotion of astonishment that so many of its predecessors

have evoked in an even enhanced degree."

—

Times.
" To put a remarkable achievement in editing like this before the public at a price

within the reach of all is to do a great service to learning. Wonderful for its value and
cheapness."

—

Atfunarunt.

The Meditations of the Em- Essays or Counsels Civil and
peroriVlarcusAureiius. Trans- Moral and Tlie New Atlantis.
lated by R. Graves. Francis Bacon (Lord Verulam).

Relig:io Medici and Urn Burial.
Sense and Sensibility. Jane Sir T. Browne. Text collated by A. R.

AosTBN. Waller.
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Methuen's Standard Library

—

continued
Prosrress. J.

Re

The Pilsrrim'8
BUNYAN.

Reflection on the French
volution. E. Burke.

The Poems and 8ong:s of
Robert Burns. Double Volume.

The Analog^y o-f Relig^ion,
Natural and Revealed, j.
Butler.

Miscellaneous Poems. T. Chat-
TERTON.

The Rowley Poems.
Tom Jones. H. Fielding. Treble

Volume.

Cranford. Mrs. Gaskell.
The Poems and Plays of Oliver

Goldsmith.
The Case is Altered. Ben

JONSON.
Every Man in his Humour.
Every ft/ian out of his Humour.
Cynthia's Revels.
Poetaster.

The Poems of John Keats.
Double Volume. Text collated by E. de
SiLlNCOURT.

On the Imitation of Christ.
Thomas X Kempis. Translation by C.
Bigg.

A Serious Call to a Devout and
Holy Life. W. Law.

Paradise Lost. John Milton.
Eikonokiastes and the Tenure

of Kingrs and Mag-istrates.
Utopia and Poems. Sir T. More.
The Republic of Plato. Trans-

lated by Sydenham and Taylor.
Translation revised by W. H. D. Rouse.

The Little Flowers ofSt. Francis.
Translated by W. Hetwood.

The Works of William Shake-
speare. In Ten Volumes.

Principal Poems, 1816-1818.
Percy Bysshk Shellbv. With an In-
troduction by C D. LococK.

1819-1820. With an Intro-
duction by C. D. LococK.

1821-1822. With an Intro-
duction by C. D. LococK.

The Life of Nelson. R. Southey.
The Natural History and

Antiquities of Seiborne^ G.
White.

The Arden Shakespeare
Demy 8vo, as. 6d. net

An Edition of Shakespeare in Single Plays. Edited with a full Introduction, Textual
Notes, and a Commentary at the foot of the page.

"Take it all in all, the work is a model of ripe and sane scholarship."—i?«//^
Chronicle.

" The Arden Shakespeare commends itself for its comely size, its clear print, its wide
white margin, and for the admirable work which is put into the scholarly Notes and
Prefaces. The edition is a perfect one for the general reader."— rrr.(J««^.

All's Well that Ends Well. Edited
by W. O, Brigstocke.

Antony and Cleopatra. Edited
by R. H. Cask.

Cymbeline. Edited by E. Dowden.
Comedy of Errors, The. Edited

by Henry Cuningham.
Hamlet. Edited by E. Dowden.
Julius Csesar. Edited by M. Mac-

MILLAN.
King Henry V. Edited by H. A.

Evans.
King Henry Vi. Pt. I. Edited by

H. C. Hart and C. K. Pooler.
King Henry VI. Pt. II. Edited by

H. C. Hart and C. K. Pooler.
King Lear. Edited by W. J. Craig.
King Richard the Third. Edited

by A. H. Thompson.
Life and Death of King John,

The. Edited by I. B. John.
Love's Labours Lost. Edited by

H. C. Hart.
Macbeth. Edited by H. Cuning-

Measure for Measure. Edited by
H. C Hart.

Merchant ofVenice, The. Edited
by C K. Pooler.

Merry Wives of Windsor, The.
Edited by H. C. Hart.

Midsummer Night's Dream, A.
Edited by H. Cuningham.

Othello. Edited by H. C. Hart.
Pericles. Edited by K. Deighton.
Romeo and Juliet. Edited by E.

Dowden.
Taming of the Shrew, The.

Edited by R. W. Bond.
Tempest, The. Edited by M. LuCE.
Timon of Athens. Edited by K.

Deighton.
Titus Andronicus. Edited by H.

B. Baildon.
Troilus and Cressida. Edited by

K. Deighton.
Two Gentlemen of Verona.

Edited by R. W. Bond.
Twelfth Night. Edited by M. LuCK.
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The Illustrated Pocket Library of Plain and

Coloured Books
Fcap. 8vo, 3S. 6d. net each volume

A Series of some of the famous illustrated books of fiction and general literature. These
are faithfully reprinted from the first or best editions without introduction or notes. The
Illustrations are chiefly in colour.

"A really brilliant idea brilliantly carried ovX.*'—Spfure.

" The charm of these little volumes, admirably printed, neatly bound, and cheaply
priced, is that they are exact reproductions of old, now unattainable, editions. "

—

Punch.

Coloured Books

AcsLdemy for Grown Horsemen,
An. G. Gambado.

Adventures of Johnny New-
come in the Navy, The. A.

Burton.

Adventures of a Post Captain,
The. By A Naval Officer.

Analysis of the Hunting Field,

The. R- S. SuRTKES.

Ask Mamma. R. S. SURTEES.

Dance of Life, The: A Poem.
By the Author of " Dr. Syntax."

English Dance of Death, The.
By the Author of "Dr. Syntax." Two
Vols.

English Spy, The. B. Black-
mantle. Two Vols.

Gamonla ; or, the Art of Preserving

Game. L. Rawstorne.

Handley Cross. R. S. Surtees.

History of Johnny Quae Genus,
The : The Little Foundling of the late

Dr. Syntax. By the Author of "The
Three Tours."

Jorrocks' Jaunts and Jollities.

R. S. Surtees.

Life and Death of John Mytton,
Esq., The. Nimrod.

Life of a Sportsman, The.
Nimrod.

Life in London ; or, The Day and
Night Scenes of Jerry Hawthorne, Esq.,
and his Elegant Friend, Corinthian Tom.
P. EgAN.

Life of an Actor, The. P. Egan.

Military Adventures of Johnny
Newcome, The. By An Officer.

Mr. Sponge's Sporting Tour.
R. S. Surtees.

National Sports of Great
Britain, The. H. Alken.

Old Coloured Books. G. Pasten.
23. net.

Old English Squire, The : A Poem.
J. Careless.

Real Life in Ireland; or, The Day
and Night Scenes of Brian Boru, Esq.,

and his Elegant Friend, Sir Shawn
O'Docherty. By A Real Paddy.

Real Life in London; or, The
Rambles and Adventures of Bob Tallyho,

Esq., and his Cousin, Tom Dashall. P.

Egan. Two Vols.

Tour of Dr. Syntax in Search
of the Picturesque, The. W.
Combe.

Tour of Dr. Syntax in Search
of Consolation, The. W. Combe.

Third Tour of Dr. Syntax in

Search of a .Wife, The. W.

Combe.

Vicar of Wakefield, The. O.

Goldsmith.

Plain Books

Compleat Angler, The. I

Walton and C. Cotton.

Frank Fairlegh. F. E. Smedley.

Grave, The ; A Poem. R. Blair.

Handy Andy. S. LovER.

Illustrations of the Book of

Job. W. Blake.

Pickwick Papers, The. Charles
Dickens.

Tower of London, The. W. ri.

Ainsworth.
Windsor Castle. W. H. Ains-

worth.
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The Little Library
With Introductions, Notes, and Photogravure Frontispieces

Small pott 8vo, gilt top. Each volume, cloth, is. 6d. net ; leather, as. 6d. net

A Series of small books containing some of the famous works in English and othet

literatures, in the domains of fiction, poetry, and belles lettres. The series also contains

volumes of selections in prose and verse. The books are edited with the most scholarly

care. Each one contains an introduction which gives (i) a short biography of the author

;

(2) a critical estimate of the book. Where they are necessary, short notes are added at the

foot of the page.

Anon.—A LiTTLK BOOK OF English
Lyrics.

Austen (Jane).—Pride and Preju-
dice. Two Vols.

NORTHANGER AbBKY.
Bacon (Francis).—The Essays
OR Counsels Civil and Moral.

Barham (R. H.).—The Ingoldsby
Legends. Two Vols.

Barnett (Mrs. P. A.).—A Little
Book of English Prose.

Beckftord (William).— The His-
tory OF THE Caliph Vathek.

Blake (William). — Selections
FROM THE Works of William Blakb.

Borrow (Georgre). — Lavengro.
Two Vols.

The Romany Rye.

Browning: (Robert).—Selections
FROM THE Early Poems of Robert
Browning.

Canning: (Qeorg^e). — Selections
FROM THE AnTI-JaCOBIN.

Cowley (Abraham). — Several
Discourses by Way of Essays in
Verse and Prose.

Crabbe (Georgre). — Selections
FROM THE Poems or George Crabbe.

Craik (Mrs.). — John Halifax,
Gentleman. Two Vols.

Crashaw (Richard).—The Eng-
lish Poems of Richard Crashaw.

Dante.—The Inferno of Dante.
The Pdrgatokio of Dante.
The Paradiso of Dante.
Darley (Georgre). — Selections
FROM the Poems of George Darley.

Deane (A. C).—A Little Book
OF Light Verse.

Dickens (Charles). — Christmas
Books. Two Vols.

Ferrier (Susan).—Marriage. Two
Vols.

The Inheritance. Two Vols.

Gaskell (Mrs.)—Cranpord.
Hawthorne (Nathaniel). — The
Scarlet Letter.

Henderson (T. F.). —A Little
Book of Scottish Verse.

Keats (John).—Poems.
Kingrlake (A. W.).—Eothen.
Lamb (Charles).—ELiA, and the
Last Essays of Elia.

Locker (F.).—London Lyrics.
Longrfeiiow (H. w.).—Selections
from the Poems or H. W. Long-
fellow.

Books on Business
Crown Svo, 2s. 6d. net

A Series dealing with all the most important aspects of commercial activity.

"Short, pithy, simple, and well informed, and written by men of acknowledged
authority, these books are equally interesting, whether the reader knows something or
nothing of the subject."

—

Manckest€r Guardian.

Automobile industry, The. G.
DE Holden-Stone.

Brewing: Industry, The. J. L.
Baker. Illustrated-"

Business of Advertising:, The.
C G. MORAN.

Business Side of Ag:riculture,
The. A. G. L. Rogers.

Business Side of Insurancei
The. A. J. Wilson.

Civil Eng^ineering:. T. C. FiDLER.
Cotton Industry and Trade,
The. S. J. Chapman.

Electrical Industry, The : Light-
ing, Traction, and Power. A. G. Whvte.

Iron Trade of Great Britain,
The. J. S. Jeans.

Law in Business. H. A. Wilson.

Mining: and Mining: Invest-
ments. "A Moil."

Money Market, The. F. Straker.

Monopolies, Trusts, and Kar-
tells. F. W. Hirst.

Ports and Docks. Douglas
Owen.

Railways. E. R. McDermott.
Shipbuilding: Industry, The: Its

History, Practice, Science, and Finance.

D. Pollock.

Stock Exchang:e, The. C.
DUGUID.

Trade Unions. G. Drage.

METHUEN & CO. LTD., 36 Essex Street, London, W.C.
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